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FOREWORD 

I n  November 1988 the Alaska Chapter of the American Fisheries Society held i t s  
annual meeting in Juneau. The theme of the meeting focused on the value of 
f i sher ies  to  Alaska and included a session ent i t led ,  The Va7ue of Commercial 
Fisheries to Alaska. Chaired by Ken Parker, director of the Division of 
Commercial Fisheries, Alaska Department of Fish and Game, the session provided 
an overview of a wide range of information and issues related t o  commercial 
f i sher ies  economics, information on the economic benefits of f i sher ies  throughout 
the s t a t e ,  and comparisons of Alaska's commercial fishery values with other 
s t a t e s  and the nation. The presentations have been assembled in these 
proceedings primarily for  the use of individual s ,  agencies, and governmental 
bodies that  s e t  policies,  laws, and directions for  commercial f isheries  in Alaska 
and for  those who may otherwise be able t o  apply t h i s  information t o  some useful 
purpose. 

Prior t o  the 1980's l i t t l e  was known about the economic importance of Alaska's 
commercial f i sher ies .  George Rogers and Donna Mayer, in an evaluation of 1979 
data, were the f i r s t  t o  document the economic importance of commercial fishing 
in Southeast Alaska. Comprehensive statewide assessment of the economic 
importance of commercial fishing in A1 aska was f i r s t  conducted by Matthew Berman 
and Teresa Hull for  the 1984 f isheries  and more recently by Hans Radtke and 
William Jensen (Resource Valuations, Inc.) in a study of the 1986 west coast 
seafood industry. Interest  in our  commercial f isheries  has been increasingly 
heightened by major changes in Alaska's seafood industry, including 
Americanization of offshore groundfish f i sher ies ,  increased capital investments 
in shore-based processing capacity, and dramatic increases in to ta l  exvessel 
catch val ues (doubl ed over 1984- 1987) . 
Management has begun t o  feel the impact of th i s  heightened in teres t  in fishery 
values, impacts intensified, in part ,  by the Magnuson Act. This 1976 federal 
1 aw rep1 aced the bio7ogical yield objective for federal f isheries  management with 
a yield concept based on economic, social ,  and ecological factors:  optimum yield. 
This same management concept ex i t s  in the Alaska Constitution, Article XIII, 
which requires renewable resource management provide a sustained yield for  the 
maximum benefit of a1 1 A1 as kans. Maximizing economic val ues and a1 1 ocat i  ng 
economic benefits will continue to  complicate fishery management into the 
foreseeable future,  but the potenti a1 for  increasing fishery values seems t o  
warrant support of additional management and research ef for t s .  

We thank the American Fisheries Society and the organizers of the Chapter Meeting 
for  having the foresight t o  bring attention to  the importance of fishery economic 
values. Their e f for t s  combined with those of the speakers has shown that  a l l  
Alaska's f i sher ies ,  n o t  just  i t ' s  commercial f i sher ies ,  play a major role in 
shaping the Alaskan economy through the creation of b o t h  jobs and income. 

Excluding the value of other A1 askan f i sher ies ,  i t s  commercial fishing industry 
alone has displaced oil  and gas as the s t a t e ' s  most valuable private industry. 
In contrast t o  oi l  and gas, which are f i n i t e  and therefore inevitably destined 
to  diminish in importance, our fishery resources are renewable and can only grow 
in importance, i f  properly managed. Clearly, o u r  fishery resources are a natural 
endowment, ou r  original 'Alaska Permanent F u n d . '  



BRISTOL BAY MANAGEMENT COSTS AND FISHERIES VALUE 

Douglas M. Eggers 
A1 aska Department of Fish and Game 
Division of Commercial Fisheries 

Juneau, AK 99802 

INTRODUCTION 

The Bristol Bay sockeye salmon fishery is one of the most intensively 
managedz fisheries in the world. Fishing is restricted to terminal harvest 
areas (Figure 1) so that escapements can be achieved for individual river 
systems. There are a variety of data collection projects, many of which 
provide in-season or real time information on run strength. These include 
tower projects where escapement are enumerated on all major river systems, 
river test fisheries on three river systems to provide more timely 
escapement data, smolt enumeration projects on six river systems to provide 
more accurate pre-season forecasts and escapement goal evaluation, catch 
and escapement sampling for age composition on all districts and river 
systems and stock separation in the eastside fishing districts to improve 
estimates of production. 

The objectives of the ADF&G program are straightforward: to provide the 
information to define optimal escapement goals and the information required 
to regulate the fishery to achieve these goals under extremely variable and 
unpredictable run strengths. 

This management system is expensive, the State's General Fund investment in 
this program in 1987 was approximately 1.9 million dollars per year. Is 
this intensive fisheries management practice worth the cost of implementing 
it? 

HARVEST MANAGEMENT 

Figure 2 shows the historical Bristol Bay catch levels since 1900. In the 
early 1970's the Bristol Bay fishery was almost non-existent. Since 1978, 
catch magnitudes have exceeded historical maximum 1 eve1 s. The ex-vessel 
value of the Bristol Bay catch has consistently exceeded 100 mill ion 
do1 1 ars since 1979, and the management costs almost insignificant compared 
to the value of the Bristol Bay catch to the fishermen. Simplistically, it 
may seem that the ADF&G program is worth the cost, because current catch 
levels are high and appear to be sustainable. This argument is flawed 
because other factors such as favorable climatic regimes and reductions of 
high seas interceptions, which are independent of ADF&G management regime 
could be responsible for the resurrection of the Bristol Bay fishery. 
Perhaps these catches can be sustained under a less expensive management 
regime. 



Prior to 1924 Bristol Bay fisheries regulations consisted of keeping the 
fleet below the intertidal zone and reducing its efficiency. Powerboats 
were banned in 1923, and gill net mesh size was restricted. The White Act 
of 1924 sought to evenly divide each river's catch and escapement, but this 
was never achieved. Fish counting weirs were erected on some rivers as a 
means of assessment but they proved costly and inefficient . Consequently, 
escapement magnitudes were poorly accounted for and management was often 
ineffective because of remote (Washington, D.C. ) , regul atory control . The 
early Bristol Bay fishery was essentially a quota fishery being limited by 
canning capacity. 

During the 1940's and 1950's more cost effective monitoring techniques were 
developed, i ncl udi ng counting towers and more efficient methods for aging 
scale samples. These factors and the establ i shment of 1 ocal regul atory 
control culminated in the implementation by the state of Alaska of real 
time fishery management system to achieve escapement goals by river system. 
The ADF&G Bristol Bay management system evolved steadily since statehood 
(Table 1). The evolution has been in two dimensions, the first being 
a1 teri ng management pol icies by periodical ly modifying escapement goal s to 
achieve maximum sustained yield, and the second is adding program elements. 
These additional programs have provided better and more timely information 
to make management decisions. In order to achieve escapement goals, fishing 
must be curtailed during years of poor runs and expanded in years of strong 
runs. Thus, precise managment requires prior knowledge of run strength. 
Management precision has increased with added program elements (Table 1). 

COST EFFECTIVENESS OF MANAGEMENT 

The Bristol Bay management system has become more expensive to implement 
with time. It should be clear that if the value of sustained catch levels 
expected under the present management regime are high relative to the costs 
of the program, then the Bristol Bay management system is cost effective. 

To evaluate the cost effectiveness of the Bristol Bay management system, I 
used a stochastic computer simulation model (Figure 3) to calculate 
expected sustainable harvest under the various historical management 
regimes used in Bristol Bay. The model considers five stocks: Ugashik, 
Egegik, Naknek, Kvichak, and the combined river systems of the Nushagak 
District. 

The model recursively constructs the current run from production of 
previous brood years, allocates the run to catch and escapement, then 
projects future year returns from that escapement. The total returns from a 
given escapement are cal cul ated using the Ricker spawner/recrui t model 
fitted to historical data. These returns are allocated to future run years 
based on an age-at-return relationships. The details of the model are given 
in Eggers and Rogers (1987). 

Average catches were simulated for various historical management regimes. 
Each management regime is characterized by a harvest policy and level of 
management precision. For each simulation, the current year run is 
allocated to catch and escapement based on an algorithm with the harvest 



policy and level of management precision expected for the management regime 
bei ng eval uated. 

A key element of the model is the Ricker-type compensatory relationship 
between escapement and return (Figure 4). The conclusions of this analysis 
rest on this assumption. Under the Ricker model, maximum yield occurs at 
intermediate levels of escapement, and the greatest sustained catch occurs 
when individual stocks are managed for fixed optimal escapement goal s. 
This policy may or not be cost effective, depending on the management costs 
in implementing this policy. 

Figure 5 shows the escapement return data for the Ugaghik, Egegik, Naknek 
and combined Nushagak District river systems. There is strong evidence for 
compensation in this data. The production is much greater in the recent 
period, since 1974 brood year. This may be due to more favorable 
environment or the fact that production was underestimated in the early 
years because of high seas interceptions. The Ricker curves were estimated 
from the recent data, which more accurately reflect the production expected 
from a given level of escapement. 

Figure 6 shows the relationship between smolts produced and parent 
escapement for the Kvichak River system. There is clear evidence for 
compensatory production. Note also that production was less for the 69 - 72 
brood years, a period of extremely cold environmental conditions. 

Random fluctuations in production that corresponded to historical 
deviations from average production were used in the model to simulate these 
environmental effects. 

Figure 7 shows the historical trends in average management error observed 
for Bristol Bay. Management error is expressed as the deviation in rate of 
exploitation achieved and that necessary to meet the desired escapement 
goal. Positive deviations reflect escapements less than desired and 
negative deviations reflect escapements greater than desired. Note the 
decreasing trend in absolute value of management error. 

Figure 8 shows the frequency distribution for managment error, pooled for 
various years and fishing districts. Management error is a stochastic. 
phenomenon; errors are normally distributed when runs are greater than the 
escapement goal, and uniformly distributed when runs are less than the 
goal. This model was used to simulate year to year variability in 
management precision. In simulations, various levels of management error 
historically realized by the Bristol Bay management system can be 
manifested in the standard deviation of the normal pdf, and the range of 
the uniform pdf. 

Figure 9 shows the results of simulation of average catch (i.e., 
sustainable harvest level) expected for a variety of management errors. 
These curves are provided for four harvest policies: 1) the pre-1960 50% 
rate of exploitation harvest policy under the White Act, 2) fixed 
escapement goals with the 1965 goals, 3) fixed escapement goals with the 
1984 goals, and 4) a theoretical maximum based on a preliminary analysis 
altering the Kvichak escapement goal policy. Note that sustainable harvest 
level increases both with a decrease in management error and with evolving 



management po l  i c i e s .  There i s  a  subs tant i  a1 increase i n  susta ined harvest  
1  evel w i t h  f i x e d  escapement goal harvest  po l  i c y .  

I have c a l c u l a t e d  a  cos t  b e n e f i t  r a t i o  f o r  cont inued investment i n  t he  
B r i s t o l  Bay management system. These c a l c u l a t i o n s  assume t h a t :  

1. The harvest  p o l i c y  and l e v e l  o f  management p r e c i s i o n  a t  t h e , t i m e  t o  
t h e  investment were those achieved f o r  t he  1984 program. 

2.  Add i t i ona l  harves t ing  and processing cos ts  a t  t he  increased catch 
l e v e l s  are n e g l i g i b l e .  

3. Capi t o1  investments f o r  cu r ren t  processing and harves t ing  capac i ty  
were n o t  considered. 

4. Cap i to l  investments t o  develop the  ADF&G management system t o  the  
'1984 1  evel were n o t  considered. 

Expenditures f o r  t he  B r i s t o l  Bay management program du r ing  t h e  pe r iod  1967 
- 85, have increased a t  $78.3 thousand d o l l a r s  per  year  (F igure  10). This  
has r e s u l t e d  i n  an 0.8% per  year  reduc t ion  i n  absolute management e r r o r  
(F igure  11).  Based on the  r e s u l t s  o f  t he  s imu la t i on  study, a  0.8% reduc t i on  
i n  management e r r o r  under the  1984 po l  i c y  would r e s u l t  i n  an increase i n  
sus ta inab le  ca tch  o f  300 thousand f i s h .  That harvest  i s  worth 1.8 m i l l  i o n  
i f  t h e  average weight were 6  1b and t h e  ex-vessel p r i c e  was $1 per  I b .  
Since sockeye have an average age a t  r e t u r n  o f  5  years, t h e  b e n e f i t s  from 
the  investment i n  t he  ADF&G program would n o t  accrue u n t i l  5  years i n  t he  
f u t u r e .  Those b e n e f i t s  must be expressed i n  present  va lue i n  o rder  t o  be 
compared c o r r e c t l y  t o  t he  costs i n  a  cos ts  b e n e f i t  r a t i o .  The d iscount  
f a c t o r  i s  0.77 and was ca l cu la ted  assuming annual d iscount  r a t e  o f  .05%. 

The est imated r a t i o  o f  b e n e f i t s  (B) t o  costs (C) i s  ca l cu la ted  as fo l l ows :  

B - - - Discounted ex-vessel value o f  increased ca tch  
C Addi t i  onal investment i n  ADF&G program 

$ 1 . 8 m i l l i o n  x  0.77 
$78.3 thousand 

This c a l c u l a t i o n  was no t  a  t r u e  benef i  t s /cos ts  c a l c u l a t i o n  because a1 1  
cos ts  and b e n e f i t s  expressed a t  present  value were no t  considered. This  i s  
r e f l e c t e d  i n  t h e  l i s t  o f  assumptions. However, t h i s  value does demonstrate 
t h a t  f u r t h e r  investment i n  t he  ADF&G management program i s  c o s t - e f f e c t i v e .  
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Figure 1 .  Bristol Bay sockeye salmon r iver  systems, fishing d i s t r i c t s ,  and 
sampling programs of the Bristol Bay management system. 





Kvichak Sockeye Simulation Model 
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Figure 3. Elements of the model used to simulate the e f fec t  of management 
regime on average catch of Bristol Bay sockeye salmon. 
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Escapement Return Model 
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Figure 4. Ideal ized Ricker-type compensatory escapement-return model . 





Kv ichak  R i v e r  Sockeye 
Numbers o f  Smol t s  produced f r o m  P a r e n t  
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Figure 6. Estimated numbers of outmigrating sockeye salmon smolts plotted against parent escapement, 
1969-82 brood years, for  the Kvi chak River (aster isks  denote brood years 1973-82). 
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Figure 7 .  Bristol Bay management error  expressed in difference in ra te  of exploitation necessary to  achieve 
escapement goals and the actual ra te  of exploitation. Error i s  positive when the actual escape- 
ment i s  less  than the goal and negative when escapement i s  greater than goal. 
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Figure 9. Results of the computer simulation of lonq term average catch expected under different  management 
pol i cies and 1 eve1 s of management error .  
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Figure 11. Trend in Bristol  Bay management e r r o r ,  1962-1985. Management e r ro r  i s  expressed without 
regard t o  sign ( i  . e . ,  pos i t ive  or negative),  and has decreased on the average of 0.8 
percent per year. 
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Table 1 .  Historical narrative of changes in Bristol Bay management pol icy, growth of ADF&G program elements, 
increases in management precision, and increases in level of funding. 

Year 
Pol i c y  

Enacted 
- - - - - - - - - -  
Before 

Statehood 

Level o f  
Management Level o f  
Preci s i  on Funding 

Add i t iona l  Program (% Absolute 86 $$ 
Pol i c y  Elements Er ror )  ( m i  11 ions)  

. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

White Act, 50% r a t e  o f  Mimimal >25 % minimal 
e x p l o i t a t i o n  

Fixed escapement goal s Local Management 2 5% 0.2 * 
goal s p r e l  iminary Catch and escapement enumeration 

Catch and escapement sampling 
Inseason Aer i  a1 Surveys 

Fixed escapement goal s Formal preseason forecast  
formal goals 

c y c l  i c  Kvichak goal s 

F ixedescapementgoals I n s i d e a n d o f f s h o r e  t e s t f i s h i n g  7% 1 . 9  
goal s r e v i  sed Smolt enumeration 

review o f  Kvichak po l  i c y  Nushagak Sonar 

- - - - - - - - - - - - -  
* very rough 

Fixed escapement goals Inseason Stock I d e n t i f i c a t i o n  ??? 1.6 
f i x e d  Kvichak goals Run s t rength  from S. Pen. f i s h e r y  

Cut Por t  Mo l le r  t e s t f i s h i n g  
Cut Naknek smolt 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
est imate 
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ABSTRACT 

The purpose o f  t h i s  report  i s  t o  present a broad overview o f  the 
economic importance o f  Alaska's commercial f i she r i es .  Domestic 
landings from marine f i she r i es  o f f  Alaska have nearly doubled i n  
the las t  decade, from approximately 613 m i l l i o n  lbs i n  1976 t o  1.2 
b i l l i o n  7bs i n  1985. The exvesse7 value o f  these landings have 
near ly increased f i v e  f o l d  from $241 m i l l i o n  i n  1976 t o  $1.1 
b i l l i o n  i n  1987. Alaska i s  the leading west coast s t a te  f o r  
7 andings (pounds and exvesse7 value) from marine f i s h e r i e s .  

The year 1984 of fered the most up-to-date and complete estimates o f  
persona1 income and employment from commercial f i s h i n g  i n  Alaska. 
I n  that  year $509 m i l l i o n  were paid t o  fishermen f o r  landings i n t o  
Alaskan por ts ,  and gross rece ip ts  paid t o  Alaska seafood processors 
t o t a l l e d  more than $1 b i l l i o n .  The harvest and processing o f  these 
seafood products resul ted i n  persona7 income o f  $583 m i l l i o n  t o  a7 1 
workers i n  Alaska o f  which $431 m i l l i o n  went t o  Alaska residents.  

l ~ h i s  document is a written version of an oral presentation by the senior 
author at the annual meeting of the Alaska Chapter of the American Fisheries 
Society held during November 14-17, 1988 in Juneau. While some of the data 
presented here are new, much of this information was cited from two published 
reports: Kruse (1988) and Berman and Hull (1987). Interested readers are 
referred to both earlier reports for more detail ; copies are available from 
ADF&G, Division of Commercial Fisheries, Publications Section, P.O. Box 3- 
2000, Juneau, AK 99802-2000. 



This included $239 million to harvesters (57% or $136 mil lion to 
Alaska residents), $104 million to processing employees (53% or $55 
mil 7 ion to residents), $210 mi71 ion to Alaskan residents employed 
in indirect and induced activities (e.g., service industries, 
transportation, etc.), and approximately $30 mi7 lion in taxes 
related to the commercial fishing industry. In 1984, the total 
direct, indirect and induced earnings from the commercial fishing 
industry total led approximately 27% of the total persona7 income 
generated by the private sector. Commercial fishing was most 
important to the southwest region of the state where it generated 
47% of the total regional income or 98% of the tota7 persona7 
income by private basic sector activity. More than 48,000 resident 
and non-resident employees derive most of their wages from 
harvesting and processing fish and she7 lf ish caught in commercial 
fisheries in Alaska. 

Unfortunately, similar estimates of persona7 income resulting from 
commercial fishing are unavailable since 1984. However, it is 
known that exvessel value has nearly doubled over three years since 
1984 to $1 .I billion in 1987. In 1987 six Alaska ports were in the 
top 25 national 7y based upon exvessel value of landings. Because 
of these increases in fishing activity and recent declines in both 
earnings of the oil industry and expenditures by state government, 
the estimated percentage of persona 7 income in Alaska associated 
with the commercial fishing industry has undoubtedly increased we77 
above previously documented levels of 1984. 

LANDINGS AND EXVESSEL VALUE OF ALASKA'S COMMERCIAL FISHERIES 

The purpose of t h i s  report  i s  t o  provide a broad overview of the  economic 
importance of commercial f i she r i e s  in the  s t a t e  of Alaska. We begin our 
discussion with an examination of the  domestic landings (excluding j o in t  
venture and foreign f i she r i e s )  of major species groups caught off  the  coast 
of Alaska (Table 1,  Figure 1 ) .  Total domestic landings from marine f i she r i e s  
off  Alaska nearly doubled over 1976-85. Of the  1.2 b i l l ion  pounds landed in 
1985, salmon consti tuted 56%, groundf i sh comprised 20%, herring and she1 1 f i sh  
were 10% each, and halibut  was 4%. The exvessel value (do l la r s  paid t o  
fishermen or  gross receipts)  of these major species groups increased nearly 
three  fold over 1976-85 or  nearly f i ve  fold over 1976-87 (Table 2 ,  Figure 2 ) .  
Exvessel value nearly doubled from 1984 t o  1987 alone. Salmon comprised 42% 
of the  $1.1 b i l l i on  exvessel value in 1987; groundfish were 29%, she l l f i sh  
comprised 19%, halibut  was 5%, and herring accounted fo r  4%. 

Of the  $1.1 b i l l i on  in exvessel value f o r  1987, 84% or  $942 million in f i sh  
and she l l f i sh  were delivered t o  Alaskan ports  (NMFS 1988). Six Alaskan ports  
accounted fo r  approximately one-third of the  t o t a l  exvessel value of landings 
in to  Alaska. Kodiak was the  leading Alaska port with $132.1 million in 
exvessel value, Dutch Harbor-Unal aska was second with $62.7 mi 11 ion, f o l l  owed 
by Cordova a t  $41.9 mill ion,  Petersburg w i t h  $36.9 mill ion,  $33.6 mill ion was 
landed into  Si tka ,  and Ketchikan was s ix th  with $22.8 mill ion.  All s i x  of 



t h e s e  Alaskan p o r t s  were in  t h e  top  25 n a t i o n a l l y  f o r  exvessel va lue  of 
landed f i s h  and s h e l l f i s h .  Kodiak was second n a t i o n a l l y  behind New Bedford 
(Massachuset ts) ,  Dutch Harbor-Unalaska was f o r t h ,  Cordova n i n t h ,  Petersburg 
t e n t h ,  S i t k a  15th,  and Ketchikan was 24th. Some major c i t i e s  t h a t  a r e  
commonly perceived a s  dominant f i s h i n g  p o r t s  a c t u a l l y  ranked behind t h e s e  s i x  
A1 aska towns, i  ncl uding S e a t t l e  (29 th ) ,  Boston (34th)  and San Francisco 
(48th) .  

COMPARISON OF LANDINGS AMONG WEST COAST STATES 

Alaska i s  t h e  leading  west coas t  s t a t e  f o r  landings  from commercial marine 
f i s h e r i e s  (Table 3 ,  Figure 3 ) .  In 1986 landings  i n t o  Alaska (by weight) were 
more than t r i p l e  t h e  landings i n t o  C a l i f o r n i a ,  which was second among west 
coas t  s t a t e s .  Landings d a t a  d i f f e r  from ca tch  d a t a ,  because ca t ches  o f f  one 
s t a t e  may be landed i n t o  o t h e r  s t a t e s .  For example, a  s i g n i f i c a n t  percentage 
of landings  i n t o  Washington and Oregon a r e  f i s h  and s h e l l f i s h  caught o f f  t h e  
coas t  o f  Alaska. Addi t iona l ly ,  s i g n i f i c a n t  fo re ign  ca tches  of  tuna  by U.S. 
v e s s e l s  a r e  1 anded i n t o  Cal i f o r n i a .  The d i s p a r i t y  between Alaska and o the r  
west c o a s t  s t a t e s  i s  somewhat g r e a t e r  i n  terms of exvessel va lue  than f o r  
landings  in  weight (Table 3 ,  Figure 4) .  For example, l andings  i n t o  Alaska 
were worth nea r ly  5.5 t imes more exvessel value than those  i n t o  C a l i f o r n i a  
f o r  1986. 

Three major spec i e s  groups account f o r  much of  t h e  d i f f e r e n c e  in  landings  
between Alaska, Washington, Oregon and Ca l i fo rn i a .  Commercial ca t ches  of 
salmon along t h e  west coas t  o f  t h e  United S t a t e s  a r e  dominated by landings  
i n t o  Alaska (Table 4,  Figure 5 ) .  In 1985 landings  of  salmon i n t o  A1 aska were 
nea r ly  16 t imes g r e a t e r  than those  i n t o  Washington, and landings  i n t o  
Washington were n ine  t imes g r e a t e r  than those  i n t o  C a l i f o r n i a  and Oregon 
combined. 

Although reduced from ca tch  l e v e l s  i n  t h e  l a t e  19701s, Alaska i s  t h e  west 
coas t  l e a d e r  of s h e l l f i s h  landings  (Table 5,  Figure 6 ) .  In 1985 landings  of 
c rabs  and shrimp i n t o  Alaska were nea r ly  s i x  f o l d  g r e a t e r  than those  landed 
i n t o  Oregon, which was second among west coas t  s t a t e s .  The exvessel va lue  of 
s h e l l f i s h  caught o f f  Alaska has been increas ing  s i n c e  1984 (Table 2 ) .  

H i s to r i ca l  groundfish landings provide an i n t e r e s t i n g  c o n t r a s t  t o  salmon and 
s h e l l f i s h .  In 1976 only 1 mi l l  ion 1 bs of  groundfish were landed i n t o  Alaska 
(Table 6 ,  Figure 7 ) .  Since then ,  landings  have grown t o  233.1 mi l l  ion 1 bs i n  
1985, but f e l l  t o  194.8 mi l l i on  Ibs  i n  1986. Landings i n  1986 were s l i g h t l y  
more than double t h e  landings of groundfish i n t o  C a l i f o r n i a .  This  s t r i k i n g  
inc rease  i n  groundfish landings  i n t o  Alaska over t h e  l a s t  decade i s  dwarfed 
by t h e  growth in  j o i n t  venture ca tches  of groundfish (Table 6, Figure 8 ) .  In 
f a c t ,  88% of a1 1 west coas t  ca tches  of groundfish in  1988 were a t t r i b u t e d  t o  
j o i n t  venture  f i s h e r i e s .  Most j o i n t  venture ca t ches  of  groundfish a r e  taken 
o f f  t h e  coas t  of Alaska. Since 1980, groundfish ca tches  o f f  t h e  Alaska coas t  
( a s  indexed by j o i n t  ventures  ca tches  p lus  domestic landings  i n t o  Alaska) 
g r e a t l y  exceed 1 andings i n t o  a l l  o t h e r  west coas t  s t a t e s  combined (Figure 8 ) .  
In 1986 domestic landings  i n t o  Alaska p lus  j o i n t  venture ca t ches  exceeded t h e  



sum of a l l  groundfish landings in to  Washington, Oregon, and California by 16 
fold .  This i s  the  case, despite the  f a c t  t ha t  landings of groundfish caught 
off  Alaska but landed in to  these other s t a t e s  have not been removed from 
these f igures .  

ECONOMIC IMPACTS OF COMMERCIAL FISHERIES ON ALASKA'S ECONOMY: 
PERSONAL INCOME AND EMPLOYMENT 

What i s  t he  economic impact of commercial f i she r i e s  in Alaska? Economic 
impact r e f e r s  t o  the  economic ac t i v i t y  generated by the  use of the  resource. 
Typically, economists r e f e r  t o  economic impacts in terms of personal income 
and employment. They may a l so  r e f e r  t o  economic impacts in terms of d i r ec t  
e f f ec t s ,  ind i rec t  e f f ec t s ,  and induced e f f ec t s  on personal income or  
employment. These terms will  be defined 1 a t e r  as they a re  introduced t o  our 
discussion.  For the  balance of t h i s  repor t ,  we focussed mainly upon personal 
income and t o  a l e s s e r  extent  upon employment. 

Due t o  analyses by Berman and Hull (1987), the best estimates of the  economic 
impact of the  commercial f i shing industry in Alaska ex i s t  f o r  1984. Recall 
t ha t  there  were 983.7 million l b s  of f i sh  and she l l f i sh  caught off  Alaska in 
1984 (Table 1) worth $597.1 million in exvessel value (Table 2) .  Of t h i s  
t o t a l ,  85% o r  $509.3 mill ion (Table 3 )  in exvessel value was landed in 
A1 aska. These 1 andings resulted in wholesale value (gross rece ip t s  t o  
processors) of $1.044 b i l l ion  (ADF&G 1986). Using economic data and a model, 
Berman and Hull (1987) estimated t h a t  harvesting, processing, and other 
economic a c t i v i t y  associated with the  commercial f i shing industry in A1 aska 
resul ted in $583 mil 1 ion in personal income in 1984. About 74% or  $431 
million of t h i s  t o t a l  was earned by Alaska res idents .  Personal income 
associated with the  f ishing industry accounted fo r  7% of the  t o t a l  personal 
income earned statewide or  27% of the  t o t a l  pr ivate  basic income (excluding 
government expenditures) in A1 aska in 1984. 

A regional breakdown of personal income earned in Alaska y ie lds  ins ight  in to  
the  importance of commercial f i shing around the  s t a t e  (Table 7 ) .  Berman and 
Hull (1987) found i t  most convenient t o  estimate regional income f o r  regions 
as defined by the  Alaska Department of Labor. The s i x  regions are  defined as 
follows (see Berman and Hull 1987 fo r  more complete descr ipt ions) .  The 
southwest region includes the  A1 eutian Is1 ands, Bethel, Bri s t01 Bay Borough, 
and Dillingham. The gulf coast region includes the  Kenai Peninsula, Kodiak 
Island, and the  Cordova-Valdez areas.  The i n t e r i o r  region cons i s t s  of the 
area near Fairbanks. "Anchorage-Mat-Su" includes the  area comprising the  
c i t y  of Anchorage and the  Matanuska-Susitna Borough. The northern region 
includes Nome, Kobuk, and the North Slope, and "Southeast" includes a l l  of 
Southeast A1 as ka. 

Nearly 42% ($242 mil 1 ion) of the  $583 mill ion in personal income was earned 
in t he  southwest region of Alaska (Table 7 ) .  This accounted f o r  48"h of the  
t o t a l  personal income earned in t h i s  region or 98% of the t o t a l  pr ivate  basic 
income earned in the  southwest region. Personal income earned as a r e s u l t  of 
commerci a1 f ishing ac t i v i t y  a1 so accounted fo r  very s ign i f ican t  percentages 



of private basic income in the gulf coast region (44%) and in Southeast 
Alaska (40%). Even in the industrial center of Alaska (Anchorage), 
commercial fishing resulted in 9% of the total personal income earned in the 
private sector. 

Earlier we mentioned that we can also discuss economic impacts on personal 
income in terms of direct effects, indirect effects, and induced effects 
(Berman and Hull 1987). In 1984 total direct effects of the commercial 
fishing industry on personal income in Alaska totalled $269 million, forward 
indirect effects accounted for $104 mill ion, and $210 mill ion were attributed 
to other indirect and induced effects. Personal income associated with 
direct effects include income earned by vessel owners, skippers, and crew. 
In short, direct effects include the harvesting sector. Of the $269 mill ion 
in direct effects, $136 million were associated with Alaska residents, $103 
million was earned by nonresidents, and $30 million was attributed to taxes. 
Personal . income associ ated with forward indirect effects include income 
earned through warehousing, distribution, purchases by processors, cold 
storage facilities, tender vessels, canneries, etc. In other words, forward 
indirect effects include income associated with seafood processing. Of the 
$104 million in personal income related to forward indirect effects, $55 
mill ion was earned by residents and $49 mill ion was earned by non-residents. 
Other indirect effects are also named backward indirect effects. These 
include income earned as a result of expenditures of income from direct and 
indirect effects. Income from induced effects include fishermen's purchases 
of oil, fuel, and supplies, vessel repair, and other business purchases by 
fishermen. Berman and Hull (1987) estimated only resident income ($210 
million) associated with other indirect and induced effects. 

Economic impacts can also be expressed in terms of employment. 
Unfortunately, there is insufficient time to allow a full discussion of 
employment associated with the commercial fishing industry. Briefly, we wish 
to point out that there are a number of statistics that one could examine 
concerning employment and there are difficulties with each of them. These 
difficulties are particularly acute for fish harvesting and seafood 
processing sectors of the economy. Some of the problems are discussed more 
thoroughly elsewhere (Berman and Hull 1987, Focht 1986, Kruse 1988). We can 
consider employment, which is the average number of jobs over a certain time 
period. We could also consider employees, which is the number of unique 
individuals working in the industry. Additionally, there are proxy 
statistics, such as number of vessel 1 icenses, fishing permits, individuals 
purchasing permits, and crew member licenses. 

Statistics on employment, employees, and participation in commerci a1 
fisheries in Alaska for 1984 are summarized in table 8. Just as an example, 
if we examine the number of employees, we see that 29,604 employees earned 
their income from fish harvesting in Alaska. Of these, 75% or 22,123 were 
A1 askan residents. Accounting problems exist for these estimates (Focht 
1986), and these figures cited here are "unofficial ". Likewise, processing 
employees total 1 ed 18,683 individuals; 65% or 12,068 were A1 aska residents. 
These statistics relate to the number of unique individuals who earned most 
of their annual wages in this industry (Jensvold et al. 1987). Thus, these 
figures underestimate the total number of persons who earned income from 



seafood processing. The Alaska Department o f  Labor now t a l l  i e s  t h e  t o t a l  
number o f  unique i n d i v i d u a l s  who earned income i n  seafood processing (Brynn 
e t  a1 . 1988). 

Enough about 1984. What i s  t he  economic impact o f  commercial f i s h e r i e s  on 
Alaska's economy now? Unfor tunate ly ,  an update o f  t he  analyses by Berman and 
H u l l  (1987) have n o t  been conducted. However, we do know t h a t  t he  exvessel 
va lue o f  f i s h  and s h e l l f i s h  caught o f f  Alaska have almost doubled f rom $597 
m i l l i o n  i n  1984 t o  $1.1 b i l l i o n  i n  1987 (Table 2). Over these th ree  years 
t h e  exvessel va lue o f  s h e l l f i s h  doubled, h e r r i n g  and ha1 i b u t  more than 
doubled, and groundf ish t r i p l e d .  While data are n o t  y e t  complete, we know 
t h a t  t he  exvessel value o f  salmon and h e r r i n g  increased more than 50% and 
20%, respec t i ve l y ,  from 1987 t o  1988 alone. C lea r l y ,  t he re  must be s i m i l a r  
s i g n i f i c a n t  increases i n  personal income and employment associated w i t h  the  
commercial f i s h i n g  i n d u s t r y  i n  Alaska s ince 1984. A d d i t i o n a l l y ,  because o i l  
revenues have been d e c l i n i n g  over t he  pas t  few years, t he re  must be a f u r t h e r  
compounding o f  t he  r e l a t i v e  importance o f  commercial f i s h i n g  t o  t h e  economy 
o v e r a l l .  That i s ,  aside from the  dramatic increases i n  exvessel va lue o f  
A1 askan f i s h  and she1 1 f i s h ,  t he  percentage o f  reg iona l  and statewide incomes 
associated w i t h  commercial f i s h i n g  must have increased s imply due t o  
decl  i n i n g  incomes and employment associated w i t h  the  o i  1 i ndus t r y .  
Commercial f i s h i n g  has become a more dominant component o f  Alaska's economy 
s ince 1984. 

Las t l y ,  we wish t o  p o i n t  ou t  t he  magnitude o f  t he  task  which con f ron ts  the  
Alaska Department o f  F i sh  and Game i n  i t s  attempt t o  manage these extremely 
va luab le  f i s h e r y  resources. We compared est imates o f  t he  expenditures on 
f i s h e r y  management by management agencies o f  west coast s ta tes  f o r  f i s c a l  
year  1986 w i t h  t h e  exvessel value o f  landings i n t o  those s ta tes  f o r  calendar 
year  1986 (Kruse 1988). To ta l  annual expenditures by Alaska, Washington, 
Oregon, and Cal i f o r n i  a were approximately $54.2, $47.7, $38.3, and $68.5 
m i l  1 ion,  respec t i ve l y .  The expenditures on f i s h e r y  management as a 
percentage o f  exvessel va lue f o r  these same s ta tes  were 7.6%, 51.3%, 83.4%, 
and 51.5%. The discrepancy f o r  Alaska i s  obvious, and the  percentage appears 
t o  be d e c l i n i n g  f u r t h e r  due t o  increases i n  exvessel va lue and budget 
reduc t ions .  It should be po in ted  out  t h a t  these comparisons d i d  n o t  i nc lude  
the  "value"  o f  spo r t  f i s h e r i e s ,  h a b i t a t  improvements, and o the r  b e n e f i t s  o f  
f i s h e r y  expenditures are excluded from the  comparisons. Comparison o f  
exvessel va l  ue o f  1 andings i s  a1 so somewhat misleading, because some catches 
o f f  Alaska are a c t u a l l y  landed i n t o  the  o ther  west coast s ta tes ,  and s t a t e  
agencies are  n o t  respons ib le  f o r  management o f  a l l  f i s h e r i e s  f rom which 
1 andi ngs are  made. Other f i s h e r y  management agencies i n c l  ude t h e  North 
P a c i f i c  F i  shery Management Counci 1 , Paci f i c F i  shery Management Counci 1, 
P a c i f i c  Salmon Commission, Un i ted  States Forest  Service, e t c .  The i r  
expenditures are n o t  included. Despite these d i f f i c u l t i e s ,  i t  i s  c l e a r  t o  us 
t h a t  ADF&G i s  s u b s t a n t i a l l y  under-funded r e l a t i v e  t o  o the r  west coast  s ta tes  
w i t h  respect  t o  t h e  value o f  resources managed. We a l so  suspect t h a t  
increased investment i n  management cou ld  improve the  va l  ue o f  A1 aska's 
f i sher i  es we1 1 beyond cu r ren t  1 eve1 s. 



CONCLUSIONS 

We would 1 i ke t o  leave you w i t h  the  f o l l o w i n g  conclusions. I n  1984 the  
exvessel va lue o f  f i s h  and s h e l l f i s h  caught o f f  Alaska was $597.1 m i l l i o n .  
This  was associated w i t h  over $1 b i l l i o n  i n  gross r e c e i p t s  t o  seafood 
processors. Personal income associated w i t h  t h e  commercial f i s h i n g  i n d u s t r y  
i n  Alaska was $583 m i l l i o n .  This  equal led 27% o f  t he  t o t a l  p r i v a t e  sec tor  
income f o r  t h e  s t a t e  o f  Alaska i n  1984. More than 48,000 employees der ived 
t h e i r  p r imary  source o f  income from harves t ing  and processing alone. 

I n  1987 s i x  Alaska p o r t s  were i n  t he  top  25 n a t i o n a l l y  based upon exvessel 
value o f  t h e  landings.  The t o t a l  exvessel value o f  f i s h  and s h e l l f i s h  caught 
o f f  Alaska exceeded $1.1 b i l l i o n .  This  was almost double t h e  exvessel value 
j u s t  t h r e e  years e a r l i e r  i n  1984. There must have been a corresponding 
increase . i n  personal income and employment associated w i t h  t h i s  growth. 
Dec l i n ing  o i l  revenues and r e s t r i c t i o n s  i n  spending by s t a t e  government has 
compounded these increases i n  t he  percentage o f  personal income and 
employment a t t r i b u t a b l e  t o  the  commercial f i s h i n g  i n d u s t r y  i n  t he  s ta te .  I n  
shor t ,  t he  marine f i s h e r y  resources o f f  i t s  coast are extremely va luab le  t o  
A1 as ka . 
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Table 2. Exvessel va lue  ( i n  m i l l  i o n s  o f  d o l l a r s )  o f  commercial catches o f  major  spec ies groups caught o f f  
A l a ~ k a . ~  

Speci es 
Group 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1 9 8 6 ~  1 9 8 7 ~  1 9 8 8 ~  

Salmon 119.7 176.4 241.2 346.8 254.1 397.3 309.7 320.2 343.1 389.6 414.0 473.0 734.6C 

S h e l l f i s h  97.3 153.2 230.6 239.0 265.3 196.9 211.7 146.6 102.1 106.4 182.0 213.5 N/A 

Hal i b u t  20.5 17.6 23.4 32.9 13.5 19.3 24.9 35.3 24.9 40.3 79.4 60.9 N/A 
I 

H e r r i n g  2.5 2.7 7.2 32.7 12.2 18.6 20.2 28.9 19.8 36.9 38.5 42.7 51.4C 
I 

Groundf i sh 1.1 1.6 3.3 6.3 8.9 24.0 40.9 7 8 . 0 ~  1 0 7 . 2 ~  1 3 7 . 5 ~  197 .9~  3 3 0 . 5 ~  N/A 

To ta l  241.1 351.5 505.7 657.7 554.0 656.1 607.4 609.0 597.1 710.7 911.8 1120.6 N/A 

acornpi 1 ed November 30, 1988. 

b ~ h e  es t imates  f o r  1986-88 a r e  p r e l  im inary .  

CHerman Savi kko, ADF&G, D i v i s i o n  o f  Commerci a1 F i she r i es ,  Juneau, personal  communication. 

d1983-87 g round f i sh  i n c l u d e  JV and DAP l and ings  i n  and o u t  o f  Alaska. 



Tab1 e 3. U n i t e d  S ta tes  commerci a1 f i s h e r i e s  1 andi  ngs (mi 11 i o n s  o f  pounds, 
m i l l  i o n s  o f  d o l l a r s )  f o r  t h e  P a c i f i c  Coast  state^.^ 

A1 as ka Washington Oregon Cal i f o r n i  a 

Year Weight Value Weight Value Weight Value we igh t  Value 

aSource: Na t i ona l  Marine F i s h e r i e s  Serv ice.  1976-87. F i s h e r i e s  o f  t h e  U n i t e d  
S ta tes ,  1976-86. Cur ren t  F i s h e r i e s  S t a t i s t i c s  7200, 7500, 7800, 
8000, 8100, 8200, 8300, 8320, 8360, 8385. 



Table 4 .  Commercial landings (thousands o f  f i s h )  o f  salmon along the  P a c i f i c  
Coast o f  t he  Uni ted States f o r  1973-85.a 

Year A1 as ka Washington Oregon Cal i f o r n i  a 

aSource: Seafood Business Report. 1985. Vol . 4 .  No. 2. 

b ~ r e l  im inary  f i g u r e s  f o r  1985. 



Table 5. S h e l l f i s h a  landings  (mi l l i ons  of pounds) i n t o  P a c i f i c  Coast s t a t e s  
f o r  1976-85. 

Landings by S t a t e  

Year A1 a s  ka Washington Oregon Cal i  f o r n i  a  

aTanner c r ab ,  king c rab ,  Dungeness c r ab  and shrimp only.  

b ~ o u r c e :  Seafood Business Report, March/Apri 1  1986. Vol . 5 No. 2. King 
c rab ,  Tanner c r a b  and shrimp landings were t abu la t ed  by ca lendar  
yea r .  Dungeness c r ab  1 andi ngs were tabu1 a ted  by f  i  sh i  ng season. 
Here, d a t a  f o r  t h e  1975-76 f i s h i n g  season f o r  Dungeness c r abs  were 
summarized with d a t a  f o r  t h e  o the r  spec i e s  from 1976. The same 
a s s o c i a t i o n  was done f o r  t h e  o t h e r  yea r s  of d a t a ,  a s  we l l .  



Table 6. Commercial groundf ish landings ( m i l l i o n s  o f  pounds) by s ta te ,  j o i n t  
venturesa, and t o t a l s  f o r  t he  P a c i f i c  Coast o f  t he  Un i ted  States 
over 1976-86. a 

Landi ngs 

J o i n t  U.S. 
Year A1 as ka Washi ngton Oregon Cal i f o r n i  a Ventures Tota l  

aMost recen t  j o i n t  venture land ings  come from Alaskan waters. 

b ~ o u r c e :  P a c i f i c  Marine F i she r ies  Comrni s s i  on Annual Reports, 1977-88. 
Foreign 1 andings are n o t  inc luded i n  these data. 
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Table 8. Estimates of employmenta, number of employeesb and other 
statisticsC on participation in the commercial fishing industry in 
Alaska in 1984. 

A1 as ka Percent 
Residents Alaskans. Total 

Empl oyment 

Harvesting 
Peak Monthly 
Average Annual 

. Processing 
Peak Monthly 
Average Annual 

Empl oyees 

Harvesting 
Processing 

Other Statistics 

Vessel s Licensed 11, 794e 
Fishing Permits 25,653 
Individuals Purchasing Permits 15,285 
Crew Member Licenses 16,929 

aKathy Thomas, A1 aska Department of Labor, Juneau, personal communi cati on. 

CKurt Schell e, Commerci a1 Fisheries Entry Commission, Juneau, personal 
communication. 

d ~ a t a  for 1983. 

eAn additional 1,998 vessels were 1 icensed to individuals of unknown 
residency. 
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Figure 4. Exyessel value (mi 11 ions o f  do1 1  ars) o f  United States commercial f isher ies  1  andings f o r  
the Pac i f i c  Coast states f o r  1976-86. 
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IMPORTANCE OF COMMERCIAL FISHERIES TO ANCHORAGE 

Charles P.  Meacham 
Alaska Department of Fish and Game 
Division of Commercial Fisheries 

Anchorage, AK 99502 

Brian S. Bigler 
Alaska Department of Fish and Game 
Division of Commercial Fisheries 

Anchorage, AK 99502 

INTRODUCTION 

If Alaska were an independent nation, it would rank sixth in the world in 
poundage of fish produced. The ex-vessel value (gross receipts to U.S. 
fishermen) of fish and shellfish harvested from Alaskan waters and 
immediately offshore has grown dramatically from 857 mi 11 ion pounds worth 
$622 million ten years ago (1979) to approximately 5 billion pounds with a 
projected value of $1.5 billion by the end of this year. The wholesale 
value of the 1988 harvested is expected to exceed $3 billion. 

While there is growing recognition of the world class position held by 
Alaska's commercial fisheries, the role that this industry plays in the 
economy of Anchorage i s 1 argely undefined. The McDowel 1 Group (management 
and economic consultants) is presented conducting a formal analysis of the 
economic profile of the seafood industry in Alaska which is to include a 
South Central regional component. While the McDowell study is underway, 
this report can serve as an interim analysis of the importance of 
commercial fishing to Anchorage. Since the authors are biologists, only the 
direct benefits of the commercial fishing industry will be discussed. A 
more thorough analysis of secondary and tertiary economic values is best 
left to economists. 

The impact of the commercial fishing industry on Anchorage will be 
considered within four categories: 

(1) Fish Harvesting Sector 

(2) Fish Processing Sector 

(3) Fish Transport Sector 

( 4 )  Fisheries Support and Administration Sector 

F I S H  HARVESTING SECTOR 

In 1988, over 2,500 Anchorage residents were employed as commercial 
fishermen. Based on projections from data provided through the Commercial 



Fisheries 
holders, 
scattered 
(census d 

Entry Commission, an estimated 900 commerci a1 fishery permit 
participating in 66 different commercial fisheries (Figure 1) 
throughout the state, reside in the Anchorage census district 

istrict 13). 

'Each point represents one fishery 

Figure 1. Locations of fisheries in which Anchorage residents participate*. 



Encompassing a d i v e r s i t y  of f i s h e r i e s  from B r i s t o l  Bay salmon d r i f t  g i l l  
ne t s  t o  s ta tew ide  r a z o r  clams, Anchorage f ishermen w i l l  be p a i d  an 
es t imated  $43 m i l l  i o n  f o r  t h e i r  ca t ch  i n  1988 (F igu re  2 ) .  

F i gu re  2 .  Source o f  income t o  Anchorage r e s i d e n t  commercial f ishermen, 
by reg ion ,  1988. 

Cook Inlet/ 
Prince William Snd. 
Salmon ($17,616.0) Kodiek/Alwka Pen. 

Salmon ($4,616.0) 

0th- ($396.0) 
Statewide Herr- 

($623.0) 
Statewide Shellfish 

($2,503.0) 
Bristol Bay Salmon 

($17,134.0) 

Total = $43,073,000 
*Pie chart values in thousands of dollars 

4 1 

Based on p r o j e c t i o n s  f rom 1 icense da ta  compi led by t h e  Alaska Department o f  
Revenue, an es t imated  1,600 Anchorage census d i s t r i c t  r e s i d e n t s  a re  
employed as crew members w i t h  commercial f i s h i n g  opera t ions .  A t  2,500, t h e  
t o t a l  number o f  Anchorage r e s i d e n t s  who a re  d i r e c t l y  i n v o l v e d  i n  t h e  
commercial ha rves t  o f  f i n f i s h  and she1 1 f i s h  suppor ts  Anchorage as A1 aska's 
l a r g e s t  f i s h i n g  v i l l a g e .  

f 

FISH PROCESSING SECTOR 

F i v e  companies have operated p rocess ing  f a c i  1  i t i e s  i n  Anchorage d u r i n g  
recen t  years .  From salmon t o  squid, these companies purchase m i l l i o n s  o f  
pounds o f  seafood c o n s i s t i n g  o f  21 d i f f e r e n t  i tems f rom v i r t u a l l y  every  
area o f  t h e  s t a t e .  Based on 1987 data,  seafood p roduc ts  purchased by 



Anchorage companies came primarily from Prince William Sound, Bristol Bay, 
and Cook Inlet (Figure 3 ) .  Additionally, a signifcant portion originated in 
the Actic-Yukon-Kuskokwim region. These Anchorage based fish processing 
plants employed an estimated 950 people in 1988. 

Figure 3. Regional percentages of total ex-vessel revenues paid 
by Anchorage processors, 1987. 

Within the past three years, the amount of money paid to fishermen by 
Anchorage fish processing companies increased from $2 million as listed in 
processor reports for 1986 to more than $32.5 mill ion projected for 1988 
(Figure 4). 



Wholesale values of f i s h e r i e s  products  produced a1 so appear t o  have r i s e n  
sharp ly  over  t h e  l a s t  few yea r s  (Figure 4 ) .  Based on d a t a  provided from 
t h e s e  companies through commerci a1 processor  r e p o r t s  f o r  1986, f i r s t  
wholesale  va lue  of f i s h e r y  products t o t a l e d  $6 mil l  ion t h a t  yea r .  Based on 
te lephone and personal in te rv iews ,  t h e  t o t a l  f i r s t  wholesale  value of 
f i s h e r y  products  produced during 1988 wi l l  be $45 mil l  ion .  

E x v e s s e l  

W h o l e s a l  

V a l u e  

e V a l u e  

Figure 4. Ex-vessel and wholesale  value of products  processed by 
Anchorage seafood companies, 1986-1988. 

Anchorage a l s o  serves  a s  one of t h e  primary souces of seasonal employment 
f o r  seafood processors  throughout Alaska. According t o  Alaska Department of 
Labor s t a t i s t i c s ,  i n  1987 Anchorage Job Serv ice  adve r t i s ed  717 jobs in  
seafood process ing ,  o r  35% of t h e  s ta tewide  t o t a l .  People h i r ed  i n t o  t h e s e  
p o s i t i o n s  were paid an average $8.50 per  hour and worked 48.5 hour work 
weeks . 

FISH TRANSPORT SECTOR 

Fish and f i s h  product t r a n s p o r t  r ep re sen t s  another  important element of t h e  
commercial f i s h e r y  indus t ry  i n  Anchorage. Not only a r e  raw f i s h  t r anspor t ed  
t o  Anchorage f o r  processing from a reas  throughout Alaska, but f i s h  and f i s h  
products  a r e  a l s o  t r anspor t ed  from and through Anchorage t o  l o c a t i o n s  i n  
t h e  lower 48 s t a t e s  and t o  coun t r i e s  throughout t h e  world. Revenues der ived  
from land and a i r  t r a n s p o r t  a r e  expected t o  t o t a l  $25-$30 m i l l i o n  f o r  1988. 



Seven ground t r a n s p o r t a t i o n  companies i n  Anchorage move f i s h  i n t o  and ou t  
of t h e  a r ea .  These f i rms  repor ted  employing 40 people f o r  seafood 
ope ra t ions .  Thei r  f r e i g h t  revenues f o r  1988 a r e  a n t i c i p a t e d  t o  t o t a l  $11.6 
m i l l i o n .  

Nine a i r  c a r r i e r s  with f a c i l i t i e s  in  Anchorage t r anspor t ed  in  excess  of 70 
mil 1  ion pounds of seafood i n t o  and out  of Anchorage In t e rna t iona l  A i rpo r t  
t h i s  y e a r .  Two of t h e s e  companies shipped s i g n i f i c a n t  amounts of salmon, 
salmon roe ,  l i v e  c r ab ,  shrimp, and sea  urchins  d i r e c t l y  t o  t h e  Japanese 
market from Anchorage. Air  t r a n s p o r t  companies repor ted  employing 107 
add i t i ona l  people t o  accommodate seafood t r a n s p o r t .  Ai r  f r e i g h t  revenues 
generated from f i s h  t r a n s p o r t  during 1988 a r e  a n t i c i p a t e d  t o  t o t a l  $16 
mi l l i on .  

The P o ~ t  of Anchorage se rves  a s  a  conduit  f o r  a  cons iderable  volume of 
f rozen f i s h  expor t .  An est imated 2,000 f r e e z e r  vans of seafood products  
l e f t  Anchorage v i a  t h e  Port  in  1988, providing nea r ly  $500 thousand f o r  
inbound and outboard wharfage f e e s  t o  t h e  c i t y .  

FISHERIES SUPPORT AND ADMINISTRATION SECTOR 

With access  t o  modern t r a n s p o r t a t i o n  systems and s e r v i c e s ,  Anchorage 
r e p r e s e n t s  an admin i s t r a t i ve  hub f o r  var ious  S t a t e  and f ede ra l  f i s h e r i e s  
agencies ,  and p r i v a t e  i ndus t ry  f i s h e r y  groups. A conserva t ive  e s t ima te  of 
t h e  employment by t h e s e  groups i s  156 ind iv idua l s  whose wages and ope ra t ing  
budgets i n j e c t  $10 mi l l i on  i n t o  t h e  Anchorage economy. 

As an admin i s t r a t i ve  hub, Anchorage serves  a s  hos t  f o r  a  wide v a r i e t y  of 
f i s h e r y  meetings. The North P a c i f i c  Fishery Management Counci 1  t y p i c a l l y  
hos t s  5  meetings a  y e a r .  Attendance a t  t h e s e  se s s ions  usua l ly  t o t a l s  
between 100 and 200 people,  a  l a r g e  number of whom come from o u t - o f - s t a t e  
and severa l  fo re ign  coun t r i e s .  Each such meeting genera tes  t r a n s p o r t a t i o n ,  
hotel  accommodation, and meal expenses est imated t o  t o t a l  between $50 
thousand and $100 thousand. The Alaska Board of F i s h e r i e s  a l s o  t y p i c a l l y  
hos t s  m u l t i p l e  meetings each yea r .  In 1988, t h e  Board w i l l  hold a  t o t a l  of 
33 days of meetings i n  Anchorage. These meetings draw hundreds of 
fishermen, processors ,  and b i o l o g i s t s  from throughout t h e  s t a t e  a s  well a s  
from l o c a t i o n s  in  t h e  cont inenta l  United S t a t e s .  Anchorage w i l l  a l s o  serve  
hos t  t o  a  pro jec ted  1,000 f i s h e r i e s  b i o l o g i t s  from throughout t h e  world a t  
t h e  Sepatember 1989 meeting of t h e  American Fi she r i  e s  Socie ty .  

The Anchorage a rea  houses a  v a r i e t y  of commercial f i s h e r i e s  s a l e s  and 
support  groups inc l  uding manufacturers and suppl i e r s  of f i  shing n e t s ,  hooks 
and o t h e r  equipment, boat and motor s a l e s  and r e p a i r ,  and even d i s t r i b u t o r s  
of paper boxes and p l a s t i c  l i n e r s  used t o  t r a n s p o r t  t h e  harves t .  The s i z e  
of t h e s e  companies v a r i e s  from "Ed's Net Works", which i s  overseen by t h e  
f a t h e r  and employs 4 members of t h e  family,  t o  Alaska's l a r g e s t  seafood 
who1 e sa l  e r  which employs nea r ly  30 people.  In t o t a l ,  t h i s  support  element 
i s  es t imated  t o  employ 96 people and t o  genera te  more than $5 mi l l i on .  



The commercial fishing industry plays a major role in the Anchorage 
economy. A total of approximately 3,900 people are directly associated with 
the harvesting, processing, transport, and support and administrative 
aspects of the commercial fishing industry (Figure 5). The largest 
component consists of 1,600 crew members, for which no estimate of crew- 
share income is available. The second largest component is represented by 
900 Commercial Fisheries Entry Commission permit holders. We estimate that 
this group will be paid $3 million for their commercial fish catch in 
locations throughout Alaska in 1988. There are about 950 persons employed 
by five Anchorage based processsors who project that they will produce $45 
million in seafood products at the first wholesale level during 1988. Air 
and ground transportation services employ a reported 150 people for 
fisheries transportation needs. Air and ground freight revenues associated 
with the movement of fish and fishery products into and out of Anchorage 
are estimated to total $28 million. Fishery support services employ nearly 
100 people and anticipate revenues in excess of $3 mill ion. Approximately 
150 government and f i shery association employees reside in Anchorage and 
have annual wages and operating budgets which potential ly inject 10 mil 1 ion 
into the Anchorage economy. 

Ground Transportation (40) 

Permit Holders (905) ---A.ocenors (943) 

Govt./Pvt. &enciem (136) 
Support Industry ( ~ 6 v  

I Cramrembera (1,637) 

1988 Industry Employment = 3,884 
*Seuond employment ir not differentiated 

* 

Figure 5. Estimated employment of Anchorage residents in the commercial 
fisheries industry, 1988*. 

Additional revenues are generated from fisheries meetings which draw 
1 i teral ly thousands of people to Anchorage from locations throughout the 
state and the world. There is no question that the commercial fisheries 
industry is of major importance to Anchorage. 



KODIAK RED KING CRAB (PARALITHODES CMSCHATICA) HARVEST HISTORY 
AND THE IMPLICATIONS OF SIZE,  SEX, AND SEASON MANAGEMENT 

Dana Schmidt 

A laska Department o f  F i s h  and Game 
D i v i s i o n  o f  Commercial F i s h e r i e s  

211 Miss ion  Road 
Kodiak, A laska 99615 

ABSTRACT 

The h i s t o r i c a l  harvest o f  red k i n g  c rab  (Para l i thodes camtschat ica) 
s tocks i s  assessed i n  l i g h t  o f  survey data du r ing  the  1973 t o  1988 
per iod .  The c losu re  o f  t he  d i r e c t e d  harvest f rom 1983 t o  present ,  
coupled w i t h  a cont inued survey has provided an oppor tun i t y  t o  
assess popu la t ion  changes w i thout  commercia 7 f i s h i n g .  These data  
suggest t h a t  crab may surv ive  i n  subs tan t i a l  numbers f o r  several  
years a f t e r  ob ta in ing  legal s i ze .  A s i z e ,  sex, and season based 
f i s h e r y ,  w i thou t  any regu la t i on  o f  e x p l o i t a t i o n  r a t e s  o f  legal  
males, would have resu l ted  i n  very h igh  sex r a t i o s  du r ing  per iods  
o f  low recru i tment ,  and most probably,  a very h igh  hand l ing  r a t e  o f  
non- legal  animals, g iven recent p r i c e  t rends.  Th i s  s t ra tegy  would 
a l s o  r e s u l t  i n  comparably low removal r a t e s  o f  sexua l l y  mature 
males d u r i n g  peak popu la t ion  years,  because o f  the  h igh  number t h a t  
were sub- legal  i n  s i ze .  Th i s  type o f  f i s h e r y  management p o l i c y  
r e s u l t s  i n  t he  h ighest  e x p l o i t a t i o n  r a t e s  when stocks are lowest 
and the  lowest e x p l o i t a t i o n  ra tes ,  when stocks are h ighes t .  T h i s  
t rend  i s  exacerbated by the  p r i c e  increase response t o  decreased 
volumes when stocks and harvest dec l i ne .  As the  Kodiak red k i n g  
c rab  popu la t ion ,  has had the  most p rec ise  survey conducted over t he  
longest t ime se r ies  o f  any o f  t he  Alaskan red k i n g  c rab  
popu la t ions ,  t h i s  popu la t ion  may be a good i n d i c a t o r  o f  t he  r i s k  
associated w i t h  o ther  s h e l l f i s h  populat ions t h a t  a re  not  surveyed 
o r  surveys w i t h  large e r r o r s .  King crab populat ions w i t h  h i g h l y  
v a r i a b l e  recru i tment  appear t o  be improperly managed by use o f  a 
3 -S  s t r a t e g y ,  i n  t he  sense t h a t  having a h igh  r i s k  o f  recru i tment  
ove r f  i s h i n g  i s  improper management. Excessive legal  ma 1e removals 
could not be detected by use o f  commercial f i s h i n g  s t a t i s t i c s  
alone. 

INTRODUCTION 

Kodi ak r e d  k i n g  c rab  (Para1 i thodes camtschat i ca )  popul a t i  ons have been 
c l osed  t o  commercial f i s h i n g  s i nce  t h e  end o f  t h e  1982 f i s h e r y  because o f  
1  ow abundance and no apparent r e c r u i t m e n t  o f  commerci a1 s i g n i f i c a n c e .  The 
f i she ry ,  p r i o r  t o  t h i s  c losure ,  was r e g u l a t e d  by va r i ous  p o l i c i e s .  These 
i n c l u d e d  a  s i ze ,  sex, and season (3-S) p o l  i c y ,  w i t h  l i t t l e  o r  no r e g u l a t i o n  
o f  t h e  e x p l o i t a t i o n  r a t e  o f  l e g a l  males, a  cons tan t  e x p l o i t a t i o n  r a t e  



p o l i c y ,  on l e g a l  males on ly ,  and a  v a r i a b l e  e x p l o i t a t i o n  r a t e ,  us i ng  lower  
r a t e s  when s tocks  were low and h i g h e r  r a t e s  when s tocks  were abundant. In 
a l l  cases female ha rves t s  have been p r o h i b i t e d  and t h e  s i z e  1  i m i t  was 
b e l i e v e d  t o  p rov ide  f o r  a  conserva t i ve  ha rves t  r a t e  on r e p r o d u c t i v e  s tock,  
r ega rd less  o f  t h e  e x p l o i t a t i o n  r a t e  on t h e  l e g a l  s i zed  animals.  The s tocks  
have been mon i to red  annua l l y  by use o f  sys temat ic  p o t  surveys d u r i n g  t h e  
years  1972 t o  1986 i n c l u s i v e .  The 1987 and 1988 surveys were conducted by 
use o f  t r a w l  gear .  I rev iew these da ta  and based on t h i s  r ev i ew  suggest 
severa l  hypotheses which a re  t o  be exp lo red  by f u r t h e r  a n a l y s i s  o f  t h i s  
i n f o r m a t i o n  i n  a d d i t i o n  t o  da ta  f rom o t h e r  sources. S p e c i f i c a l l y ,  t h e  
p r a c t i c e  o f  r e g u l a t i n g  s h e l l  f i s h  f i s h e r i e s  by means o f  s i ze ,  sex and season 
a1 one i s quest ioned.  

METHODS 

The c o n t i n e n t a l  s h e l f  a long Kodiak I s l a n d  has been surveyed f o r  r e d  k i n g  
c rab  r e l a t i v e  abundances by use o f  s tandard ized  c rab  p o t  surveys, i n  
a d d i t i o n  t o  r e c e n t  t r a w l  surveys. The methods and s p e c i f i c  l o c a t i o n  o f  t h e  
sampl ing s i t e s  used i n  these surveys a re  descr ibed  by Peterson e t .  a l .  
(1986), B l  au (1986) and Dona1 dson (1987). 

The carapace 1  ength (CL) f requenc ies  ob ta ined  f rom these surveys, coup1 ed 
w i t h  t h e  e f f o r t ,  descr ibed  i n  t h i s  r e p o r t  as p o t  l i f t s ,  a re  t h e  b a s i s  f o r  
t h e  d a t a  p l o t s  presented. The l e n g t h  da ta  were pooled i n t o  2-mm increments 
f o r  deve lop ing  t h e  t h r e e  dimensional  p l o t s  presented i n  t h i s  r e p o r t .  The 
e f f o r t  f rom t h e  1987 and 1988 t r a w l  surveys, was equated t o  t h e  p o t  surveys 
by assuming t h e  t r a w l  e f f o r t  was equ i va len t  t o  448 p o t  p u l l s .  Th i s  
approx imat ion was based on t h e  number o f  c r a b  p e r  u n i t  e f f o r t  equated by 
r e p e t i t i v e  surveys i n  t h e  A l i t a k  area o f  t h e  southwest d i s t r i c t  i n  1985. 
Because o f  t h e  low s tock  abundance, survey p r e c i s i o n  e r r o r  w i l l  most l i k e l y  
f a r  outweigh any e r r o r  made by t h i s  assumption. Th i s  w i l l  be r e f i n e d  i n  
f u t u r e  r e p o r t i n g .  

Biomass was es t imated  f o r  each s i z e  c l a s s  o f  c rab  by us ing  t h e  fo rmu la  f rom 
B lau  (1988): 

Where: W = t h e  weight  o f  an i n d i v i d u a l  c rab  i n  grams 

and L = t h e  l e n g t h  o f  an i n d i v i d u a l  c rab  i n  m i l l i m e t e r s  

The ex-vessel  average p r i c e  p e r  pound used t o  c a l c u l a t e  va lue  was ob ta ined  
f o r  t h e  years  1972 through 1982 f rom A1 aska Department o f  F i s h  and Game 
f i s h  t i c k e t  averages. The 1983 p r i c e  p e r  pound was t h e  average f i s h  t i c k e t  
va lue  r e p o r t e d  f rom t h e  Adak r e d  k i n g  c rab  f i s h e r y  f o r  t h a t  year ,  w h i l e  t h e  
1984 th rough 1988 ex-vessel  average p r i c e s  were from t h e  B r i s t o l  Bay r e d  
k i n g  c rab  f i s h e r y  r e p o r t s .  The p r i c e s  were conver ted i n t o  s tandard ized  1967 
do1 1  a r s  u s i n g  t h e  U.S. Bureau o f  Labor s t a t i s t i c s  r e f l e c t i n g  consumer 
p r i c e s  . 



RESULTS 

Figures 1 through 4 depict  four d i f f e r en t  views of a three  dimensional p lot  
of Kodiak red king crab 2 - m m  length c l a s s i f i c a t i ons ,  f o r  the  16 years of 
the  survey. Each graph contains the  data fo r  the  r e l a t i v e  indices of male 
crab plot ted by numbers/pot, biomass/pot, and ex-vessel. value/pot in 
addition t o  female numbers/pot. For 1987 and 1988 when trawls were used, a 
trawl haul was equated t o  a pot l i f t  as  described previously. 

The current  legal male minimum s i ze  l im i t  ( in  width) equates t o  
approximately 148-mm (CL). The p lo t s  of the  male data contain in excess of 
400,000 ma1 e crab 1 ength measurements, whi 1 e the  femal e data contain in 
excess of 300,000 measurements. Several trends are  apparent. F i r s t ,  
recruitment of age c lasses  t o  the  survey gear in appreciable numbers 
occurred only during 1972, 1976, 1977 and 1980. From other s tudies  t h i s  
s i z e  c l a s s  of animals can be ident i f ied  as  having s e t t l ed  as larvae during 
the  summers of 1967, 1971, 1972 and 1975, respectively.  This assumes t ha t  
the  growth r a t e s  ident i f ied  in these s tudies  remain consis tent  and are  
applicable f o r  the  years described. Most s t r i k ing  i s  the  f a i l u r e  of 
recruitment t o  the  survey gear in a l l  12 other years of the  survey. The age 
c lasses  t ha t  subsequently grew t o  legal s i z e  (approximately 148-mm C L )  
during the  survey period, can be tracked by observing the  mode of the  
length frequency data ,  with a re1 a t ive ly  high degree of precision.  
A1 though numbers decreased, biomass remained constant o r  increased up unti 1 
the  cohort of crab recrui ted t o  legal s ize .  Variations in biomass are  
ea s i l y  masked by scale e r ro r  var ia t ions  in the  survey. Consequently 
var ia t ions  in natural mortal i ty r a t e s  of both female and male crab appear 
t o  a l so  be within the  scale  error1 of the  survey. 

The biomass in the  ear ly  years tended t o  accumulate a t  post legal s i z e ,  
probably re f lec t ing  the  multiple age c lasses  present in the  f ishery and 
lower exploi ta t ion r a t e s  of the  legal crab. The dramatic decline in 
biomass, numbers, and t o  a 1 esser  degree, value, occurred between 1981 and 
1982. This was ref lected in very high commercial crab landings. These 
commercial catches, combined with negligible recruitment, were probably the  
cause of t h i s  decline.  A1 though females declined rapidly during t h i s  period 
as well,  the  d i f f e r en t i a l  mortal i ty r a t e  between female and male crab from 
1981 and 1982 was equivalent t o  an instantaneous mortal i ty r a t e  in excess 
of .7 f o r  each year.  

The cohort of crab t ha t  f i r s t  appeared in the  survey gear during 1980 was 
found only in the  southwest portion of the  continental shelf  around Kodiak. 
This population did not r ec ru i t  t o  legal s i z e  unt i l  1983, the  f i r s t  year of 

l ~ c a l e  e r ro r  i s  the  va r i ab i l i t y  in the  ver t ica l  axis of the  graphs. This 
may occur because of e i t he r  bias or  precision e r rors  associated with the  
survey e f f o r t .  These e r rors  are  most obvious when a cohort of crab shows 
a posi t ive  increase in r e l a t i ve  abundance in a subsequent year.  A1 though 
fo r  small crab,  t h i s  may r e f l e c t  recruitment t o  the  survey gear,  the 
e r ro r s  are  not eas i ly  explained fo r  larger  crab s izes ,  f o r  example the  
di f ferences  between 1972 and the 1973 surveys. 



t he  commercial f i s h i n g  c losure  around Kodiak. Because o f  t h e  r e l a t i v e l y  
small numbers, and no subsequent recru i tment ,  t h i s  popu la t i on  has never 
been e x p l o i t e d  by commerci a1 f i s h i n g  gear. A1 though i t s  absolute abundance 
i s  sub jec t  t o  comparably h igh  p r e c i s i o n  e r r o r ,  i t  has been susta ined i n  
s i g n i f i c a n t  numbers up through 1988, a1 though accel e ra ted  mor ta l  i t y  
occurred between 1985 and 1986 on the  male animals. This  apparent ly  d i d  no t  
occur on the  females. Over 70% o f  t he  male animals i n  t h i s  popu la t i on  have 
been above the  minimum l e g a l  s i z e  s ince 1985. 

The female da ta  have fo l lowed the  same general p a t t e r n  as t h a t  o f  male 
animals w i t h  some except ions. Not ice  t h a t  even when the  female age groups 
are th ree  years apar t ,  they become q u i c k l y  i n d i s t i n g u i s h a b l e  from t h e  o l d e r  
cohorts  a f t e r  they reach an est imated age 7. I d e n t i f i c a t i o n  o f  female age 
based on s i z e  i s  q u i t e  d i f f i c u l t .  Also o f  i n t e r e s t  i s  t h e  r a p i d  decrease o f  
female animals from 1981 t o  1983. This  popu la t ion  has n o t  been subjected t o  
a commercial f i s h e r y .  This  r a p i d  decrease d i d  n o t  occur on t h e  female 
popu la t i on  t h a t  f i r s t  r e c r u i t e d  t o  the  gear i n  1980 (probable 1975 brood 
year)  a t  approximately t he  same age. The e r r o r  associated w i t h  t h e  est imate 
o f  t h i s  cohor t  i n  recent  years however, makes t h i s  in fe rence somewhat 
specul a t  i ve. 

The value o f  crab between years somewhat dampens the  v a r i a t i o n  i n  biomass 
t h a t  has occurred. Th is  i s  an apparent response t o  volume changes al though 
o the r  economic f a c t o r s  such as the  i n t e r n a t i o n a l  exchange r a t e  may have 
s i g n i f i c a n t  impacts on value. The value o f  t he  animals dep ic ted  does n o t  
account f o r  probable d i f f e rences  i n  p r i c e  between small and l a r g e  animals. 

DISCUSSION 

The examination o f  t he  h i s t o r i c a l  t r end  o f  t he  Kodiak r e d  k i n g  crab 
popu la t i on  and values suggests c e r t a i n  conclusions can be made as t o  the  
probable cause o f  the  dec l i ne  o f  these commercial crab stocks. It i s  
obvious t h a t  t he  f a i l u r e  o f  young animals t o  r e c r u i t  t o  l e g a l  commercial 
s i z e  i s  t he  reason the  f i s h a b l e  crab popu la t ion  has decl ined.  No major 
rec ru i tmen t  has occurred s ince the  1972 brood year w i t h  no measurable 
rec ru i tmen t  s ince the  1975 brood year2. An examination o f  t he  female stocks 
i n  1972, 1972 and 1975, as compared t o  the  o ther  survey years, does n o t  
suggest an obvious r e l a t i o n s h i p  between sexua l ly  mature fecund females and 
rec ru i tmen t  success o r  recru i tment  f a i l u r e .  I f  the  commercial f i s h e r y  were 
t o  have had an adverse impact on the  female stocks, i t would probably be 
1 i m i t e d  t o  t h e  1982 and 1983 per iod.  The re1  a t i v e  change which d i d  occur 
du r ing  t h i s  pe r iod  o f  t ime i s  comparably small t o  t h a t  which has occurred 
du r ing  the  h i s t o r y  o f  the  survey because o f  changing recru i tment .  This  
changing recru i tment  was apparent ly  n o t  re1 ated t o  female abundance. Thi s  
suggests t h a t  commercial f i s h i n g  a c t i v i t i e s  have had, a t  l e a s t  i n  t h e  past,  
minor e f f e c t s  on t h e  recru i tment  o f  l e g a l  animals t o  the  f i s h e r y .  

2 ~ h i s  assumes the  crab which r e c r u i t e d  t o  the  survey gear i n  1977 and 1980 
are c o r r e c t l y  aged. 
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This does n o t  suggest t h a t  the  r e g u l a t i o n  o f  commercial f i s h i n g  a c t i v i t y  
was w i thou t  b e n e f i t .  The very l a r g e  decreases i n  t he  popu la t i on  o f  l e g a l  
males which occurred i n  1981 and 1982 are most probably expla ined as an 
impact o f  commercial f i sh ing .  I t  i s  o f  concern t h a t  t h e  female popu la t ion  
a l so  underwent a  marked dec l i ne  when t h i s  f i s h e r y  occurred. A  s i m i l a r  
d e c l i n e  i n  females d i d  n o t  occur i n  1984 and 1985. The c rab present  du r ing  
these years should have been a  s i m i l a r  age as those i n  t he  1981 and 1982 
popul a t i o n .  Potent i  a1 mechanisms f o r  f i s h i n g  induced mor ta l  i t y  on females 
i nc lude  s o r t i n g  and handl ing impacts, ghost f i s h i n g  o f  l o s t  pots,  and very 
few males present  a t  the  t ime o f  m o l t i n g  ( p o t e n t i a l l y  i nc reas ing  the  
p robab i l  i t y  o f  p redat ion) .  With the  commerci a1 f i s h i n g  c losu re  which 
occurred i n  1982, t he  sex r a t i o s  o f  t h e  popu la t ion  which has susta ined t h e  
c u r r e n t  reproduct ive  popul a t i o n  have remained re1  a t  i ve l  y  constant .  The 
female popu la t i on  cont inues t o  be dominated by very  l a r g e  and apparent ly  
o l d  i n d i v i d u a l s .  I f  the  s tock  i s  t o  recover  sometime i n  t h e  fu tu re ,  these 
low female popu la t ions  appear t o  be the  on l y  source o f  reproduct ive  
p o t e n t i a l  t o  support t h i s  recovery. 

The impact o f  a  t o t a l  3 - S  management system on sex r a t i o s ,  which assumed 
90% e x p l o i t a t i o n  r a t e  on l e g a l  male animals i s  dep ic ted  i n  f i g u r e  5. This  
f i g u r e  a1 so prov ides 1  i bera l  and conservat ive assumptions on t h e  minimum 
s i z e  t o  sexual m a t u r i t y  o f  male animals. One hundred and two mm (CL) 
approximates t h e  female s i z e  a t  m a t u r i t y  and i s  used as t h e  l i b e r a l  
i n t e r p r e t a t i o n .  The 137 mm (CL) l eng th  i s  t he  approximate s i z e  o f  male 
reproduct ive  e n t r y  as obta ined from d i v i n g  observat ions o f  n a t u r a l l y  
observed mating pa i r s ,  c o l l e c t e d  du r ing  the  l a t e  1960's and e a r l y  1970's 
(Unpublished data  from ADF&G, Kodiak). The actual  sex r a t i o s  which occurred 
as a  r e s u l t  o f  our pas t  management p rac t i ces  are inc luded f o r  comparison. 
The data  represent  t he  r e s u l t a n t  sex r a t i o  which would have occurred 
h i s t o r i c a l l y  i f  a  3 - S  season would have been i n i t i a t e d  du r ing  t h a t  
p a r t i c u l a r  year .  Regardless o f  t he  assumption, sex r a t i o s  would have been 
unacceptably h igh  ( i n  excess o f  5  females/male) du r ing  t h e  recen t  major 
d e c l i n e  i n  stocks. Moreover, t he  r a t i o s  would have been h ighest ,  when t h e  
abundance o f  reproduct ive  animals was a t  o r  near i t s  lowest  p o i n t .  
C lear ly ,  t h i s  would no t  be i n  l i n e  w i t h  t h e  general management p r a c t i c e s  o f  
o the r  commercial f i s h e r i e s .  

F igure  6 i l l u s t r a t e s  t h e  p ropo r t i on  o f  t he  e x p l o i t a b l e  biomass o f  r e d  k i n g  
c rab  males which i s  above the  cu r ren t  l e g a l  s i z e  l i m i t  o f  7 inches i n  
carapace w id th  (approximately 148 mm CL). This  graph a l so  d e p i c t s  t h e  
f r a c t i o n  o f  t h e  biomass a v a i l a b l e  i n  t he  sublegal p o r t i o n s  o f  t he  s tock  
which are  sexua l ly  mature under the  two d i f f e r e n t  i n t e r p r e t a t i o n s  o f  
minimum s i z e  t o  sexual m a t u r i t y  descr ibed p rev ious l y .  C lea r l y ,  as biomass 
decreases t o  very low l e v e l s  (because o f  recru i tment  f a i l u r e ,  na tu ra l  
mor ta l  i t y ,  and removal by commerci a1 f i sher i  es) , the  p r o p o r t i  on o f  t he  
b i  omass avai 1 abl  e  f o r  harvest  becomes very 1  arge . 
The examination o f  biomass v a r i a t i o n s  i n  a  cohor t  from age 7  t o  age 10 
(F igures 1-4) suggest t h a t  m o r t a l i t y  r a t e s  are f o r  the  most p a r t ,  o f f s e t  by 
growth. Va r ia t i ons  i n  t h i s  t rend,  and i n  na tu ra l  m o r t a l i t y  r a t e s  between 
years are masked by survey scale e r r o r .  I n  p r a c t i c a l  terms, t h i s  suggests 
much leeway can be g iven i n  harves t ing  crab over t h i s  range o f  s i zes  and 
age. Va r ia t i ons  i n  p r i c e  per  pound as a  f u n c t i o n  o f  s i z e  and s t a b i l i t y  i n  
l and ing  over years are some o f  the  considerat ions t h a t  should be addressed 



when revising our current  harvest policy. Female harvests should not be 
precluded i f  recruitment i s  assured as they apparently have s imilar  natural 
mortal i ty r a t e s  as males, with l i t t l e  t o  be gained by forgoing any harvest .  
Roe bearing female crab may be highly marketable in the  o r ien t  (personal 
communication, Robert Ot to) .  

Finally,  t he  apparent increased r a t e  of mortal i ty fo r  age 10. and above male 
crab without being subject  t o  a commercial f i shery suggests t h a t  higher 
exploi ta t ion r a t e s  on older animals may be economically benefici a1 with 
minimal conservation concerns i f  recruitment i s  forthcoming. Without 
assured recruitment, commercially harvesting these stocks would most 
ce r ta in ly  r e s u l t  in unacceptable impacts on future  recruitment. Despite 
apparently higher mortal i  t y  r a t e s ,  s ign i f ican t  popul a t ions  have sustained 
t o  an estimated age 13.  

Unfortunately, not a l l  crab stocks a re  surveyed, or  are  surveyed with a 
g rea t  deal of imprecision. These stocks are  usually managed by 3-S  pol ic ies  
( s i ze ,  sex, and season). Because of the large  impact of the  marine 
environment on the  recruitment process, the e f f ec t s  of overfishing would 
probably not be detected by monitoring commercial catch r a t e s  alone. The 
assumption t ha t  a 3-S policy i s  inherrently conservative needs t o  be r e -  
exami ned. 

CONCLUSIONS 

1. Red King Crab populations in the  Kodiak area are  a t  record low 
leve l s .  These low levels  can primarily be a t t r ibu ted  t o  many years 
of consecutive recruitment f a i l u r e .  Commercial f i shing has had a 
mi nor rol e in the  overall decl i  ne. 

2 .  A s ing le  cohort exploited a t  modest r a t e s ,  i s  capable of supporting 
a commercial f i shery fo r  many years,  with l i t t l e  impact on long 
term y i e ld .  Average weights of crab will vary s ign i f ican t ly  over 
time, however, and may be a major economic consideration in 
determining the  minimum s i ze  l im i t  f o r  the  species. 

Without any r e s t r i c t i on  on the  exploitat ion r a t e  of legal male 
crab, the  commercial f i shery i s  projected t o  have major impacts on 
sex r a t i o s  and consequently potential  impacts on reproduction. 
This would tend t o  occur a f t e r  a consecutive s e r i e s  of years of 
poor recruitment and on populations of low abundance. The 
exploi ta t ion r a t e s  would be driven by the value of the  crab which 
would a lso  accentuate the  problem by causing a very high e f f o r t  on 
the  small numbers of remaining animals during periods of sca rc i ty .  
Pure s i z e ,  sex and season management on stocks of crab with highly 
variable recruitment could 1 ead t o  recruitment overfi shing i f  the  
data from the  Kodiak red crab f ishery i s  generally r e f l ec t i ve  of 
other crab stocks. 
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Figure I .  Length frequency data of Kodiak Red King Crab Males as numbers per pot (Upper left ,  biomass per pot (Upper right), nominal 
dollars per pot (Lower left). Females as numbers per pot are in the lower right graph. This view shows the early history of the survey in 
the background of the graphs. 
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Figure 2.  Length frequency data of Kodiak Red King Crab Males as numbers per pot (Upper lef), biomass per pot (Upper right), nominal 
dollars per pot (Lower left). Females as numbers per pot are in the lower right graph. This view shows the early history of the survey in 
the foreground. 
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Figure 3. Length frequency data of Kodiak Red King Crab Males as numbers per pot (Upper left), biomass per pot (Upper right), nominal 
dollars per pot (Lower left). Females as numbers per pot are in the lower right graph. This view shows the early history of the survey to 
the right of the graphs. 
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Figure 4 .  Length frequency data of Kodiak Red King Crab Males as numbers per pot (Upper left), biomass per pot (Upper right), nominal 
dollars per pot (Lower left). Females as numbers per pot are in the lower right graph. This view shows the early history of the survey in 
the foreground. 
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Figure 5. The figure portrays the sex ratio offemales to males, which would have resulted from a hypothetical fishery with an eqloitation rate of 90% 

for each year listed. The actual sex ratio which occurred under historic management practices is listed for comparision. Since the actual size of maturity 
for males is not clearly wried, liberal (small size) and conservative (large size) alternatives are providedfor comparison. 
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ABSTRACT 

The f i s h i n g  gear used i n  most f i s h e r i e s ,  i nc lud ing  the  groundf i s h  
f i s h e r i e s  o f f  Alaska, i s  not completely s e l e c t i v e .  That i s ,  i t  
r e s u l t s  i n  t he  ca tch  o f  t a r g e t  species as w e l l  as o the r  species 
t h a t  are o f t e n  not intended t o  be taken. The l a t t e r  ca tch  i s  
r e f e r r e d  t o  as bycatch because i t  i s  a byproduct o f  t he  e f f o r t  t o  
take the  t a r g e t  species. 

From an economic perspect ive,  t he  f i s h e r i e s  management o b j e c t i v e  
i s  o f t e n  t o  minimize the  cost o f  bycatch where t h a t  cos t  cons i s t s  
o f  what w i l l  be r e f e r r e d  t o  as t h e  impact, c o n t r o l ,  and 
management cos ts .  The impact cost  i s  the  cost  r e s u l t i n g  f rom 
r e s t r i c t i o n s  imposed on those who harves t ,  process, market, o r  
consume the  species taken as bycatch. The con t ro l  cost  i s  t he  
cost  borne by a f i s h e r y  when i t  takes ac t i ons  t o  c o n t r o l  i t s  
bycatch. Management cost  i s  t he  cost  o f  management agencies o f  
implementing and enforc ing  a management measure t o  c o n t r o l  
bycatch. 

Two methodo 1 og ica l  approaches used t o  q u a n t i t a t i v e l y  assess the  
economic impacts o f  a management program designed t o  minimize 
these cos ts  are presented. These are b e n e f i t - c o s t  ana lys i s ,  which 
inc ludes,  as a p r e r e q u i s i t e ,  p r i c e  response mode1 ing ,  and input  - 
output  ana lys i s .  The empi r ica l  appl i c a t  ion  o f  benef i t - c o s t  
ana lys i s  t o  t he  issue o f  h a l i b u t  bycatch i n  t he  groundf ish  
f i s h e r i e s  o f f  t he  coast o f  Alaska i s  discussed, and data  needs 
and l i m i t a t i o n s  are i d e n t i f i e d .  



INTRODUCTION 

Al though t h e  management o f  t h e  i n c i d e n t a l  ca t ch  o f  non-groundf i sh  spec ies 
i n  t h e  g round f i sh  f i s h e r i e s  o f f  A laska has rece i ved  cons ide rab le  a t t e n t i o n  
s i n c e  w e l l  before t h e  Nor th  P a c i f i c  F i she ry  Management Counci l  was 
e s t a b l i s h e d  i n  1977, t h e  r a p i d  expansion o f  domest ic p a r t i c i p a t i o n  i n  t h e  
g round f i sh  f i s h e r i e s  has r e s u l t e d  i n  t h e  i n c i d e n t a l  ca t ch  i ssue ,  o r  
bycatch, becoming a  more con ten t i ous  management i ssue .  The Counci l  i s  
c u r r e n t l y  cons ide r i ng  s i g n i f i c a n t  and comprehensive changes i n  t h e  way t hey  
manage t h e  g round f i sh  f i s h e r i e s  o f f  t h e  coas t  o f  A laska t o  b e t t e r  account 
f o r  and c o n t r o l  t h e  bycatch o f  c rab  ( k i n g  and Tanner crab)  and h a l i b u t .  

Catches o f  spec ies o t h e r  than  t h e  spec ies be ing  t a r g e t e d  i s  o f  b i o l o g i c a l  
consequence i f  t h a t  i n c i d e n t a l  ca t ch  i s  o f  l a r g e  magnitude r e l a t i v e  t o  t h e  
c u r r e n t  popul a t i o n ,  and i f t h a t  i n c i d e n t a l  ca t ch  i s  imp rope r l y  accounted 
f o r  i n  t h e  d i r e c t e d  f i s h e r y  f o r  t h e  species.  For t h e  most p a r t ,  however, 
t h e  i n c i d e n t a l  ca tch  o f  c rab  and h a l i b u t  i n  o t h e r  f i s h e r i e s  i s  an 
a l l o c a t i o n  i s sue  because i t  can a f f e c t  t h e  amounts a v a i l a b l e  t o  t h e  h a l i b u t  
and c rab  f ishermen.  

The purpose o f  t h i s  paper i s  t o  examine t h e  bycatch i s sue  f rom t h e  p o i n t  o f  
v iew o f  t h e  va lue  o f  t h e  competing uses o f  c rab  and h a l i b u t  resources.  I n  
do ing  so we wish t o  address t h e  f o l l o w i n g  issues:  

What i s  t h e  bycatch problem f rom an economic perspec t i ve?  

What c r i  t e r i  a  wi  11 be used t o  eva l  ua te  a1 t e r n a t i v e  management measures 
t o  c o n t r o l  bycatch? 

What economic concepts a re  use fu l  i n  d e s c r i b i n g  t h e  e f f e c t s  o f  such 
management measures? 

How can use fu l  es t imates  be developed f o r  each concept? 

What i s  t h e  app rop r i a te  mix  o f  q u a n t i t a t i v e  and q u a l i t a t i v e  economic 
i n f o r m a t i o n ?  

What mechanisms w i l l  a1 low b e t t e r  i n f o r m a t i o n  t o  be developed and used? 

What i s  t h e  bycatch problem f rom an economic perspec t i ve?  

The f i s h i n g  gear used i n  most f i s h e r i e s ,  i n c l u d i n g  t h e  g round f i sh  f i s h e r i e s  
o f f  Alaska, i s  n o t  comple te ly  s e l e c t i v e .  That i s ,  i t  r e s u l t s  i n  t h e  ca t ch  
o f  t h e  t a r g e t  spec ies o r  species groups as w e l l  as o t h e r  spec ies t h a t  a re  
o f t e n  n o t  in tended t o  be taken. The l a t t e r  ca t ch  i s  r e f e r r e d  t o  as bycatch 
because i t  i s  a  byproduct  o f  t h e  e f f o r t  t o  t ake  t h e  t a r g e t  spec ies.  

There a r e  t h r e e  reasons why bycatch i s  a  con ten t i ous  management i ssue .  
F i r s t ,  bycatch o f  a  spec ies i n  one f i s h e r y  may reduce t h e  amount o f  t h a t  
spec ies t h a t  can be taken i n  t h e  f i s h e r i e s  t h a t  t a r g e t  on i t .  For  example, 
t h e  bycatch o f  h a l i b u t  i n  t h e  g round f i sh  f i s h e r y  tends t o  reduce t h e  amount 
o f  h a l i b u t  t h a t  i s  a v a i l a b l e  t o  t h e  h a l i b u t  f i s h e r y  i f  t h e  byca tch  i s  



retained or  i f  discarded bycatch i s  subject  t o  discard morta l i ty .  Second, 
a f i shery  may not be able t o  control i t s  bycatch without using l e s s  
productive or  more cost ly  f ishing techniques. Third, there  i s  not a 
mechanism in place t ha t  tends t o  assure bycatch will be controlled t o  the  
appropri a t e  1 eve1 s automatical l y .  

From an economic perspective, the  solution t o  the  problem i s  t o  minimize 
the cost  of bycatch where t ha t  cost  consis ts  of what wil l  be referred t o  as 
the impact, control ,  and management costs .  The impact cost i s  the  cos t ,  
r esu l t ing  from bycatch, imposed on those who harvest,  process, market, and 
consume the  species taken as  bycatch. For example, t h i s  would include 
costs  imposed on halibut  fishermen as the  r e s u l t  of reduced catch due t o  
halibut  bycatch in the groundfish f ishery.  The control cost i s  the  cost  
borne by a f ishery when i t  takes actions t o  control i t s  bycatch. For 
example, control cost  would include the  cost  of using more expensive gear 
t o  control bycatch. Management cost i s  the cost  t o  management agencies of 
imp1 ementi ng and enforcing a management measure t o  control bycatch. 

I f  e i t h e r  the impact cost  or  the  control and management costs  did not 
e x i s t ,  or  i f  the  appropriate level of control would occur automatically, 
there  would be no bycatch problem. Without impact costs  there  would be no 
reason t o  worry about bycatch, other than perhaps fo r  ecological reasons, 
and in t ha t  case the  conservation protection of the  Magnuson Fishery 
Conservation and Management Act (MFCMA) would apply. Without control or  
management costs  there  would be no problem because the  obvious solution 
would be t o  have no bycatch. Finally,  i f  there  were a mechanism t h a t  tended 
t o  produce the  appropriate level of control ,  management agency intervention 
would not be necessary and there would not be a management problem. 

I f  the  impact costs  were borne by those who impose them, those who take 
bycatch would tend t o  control bycatch a t  the appropriate level and no 
intervention by the  management agencies would be necessary. However, t h i s  
i s  typ ica l ly  not the  case. Those who take bycatch usually impose most of 
the  impact cost  on others and as a r e s u l t  will tend t o  have an inadequate 
level of control without such intervention.  Therefore, intervention i s  
probably required t o  balance the three  types of costs  discussed above. 

What c r i t e r i a  will be used t o  evaluate a l t e rna t ive  manaqement measures t o  
control bycatch? 

The problem of minimizing the  cost  of bycatch can be expanded into  the  
objectives of having management measures t ha t  are  e f fec t ive ,  e f f i c i e n t ,  and 
equitable.  Effective measures are  those which reduce bycatch t o  the 
appropriate l eve l s .  Efficient measures are  those which r e s u l t  in the  
lowest control and management cost  f o r  given leve l s  of bycatch. Equitable 
measures are  those which meet some agreed upon standard of fa i rness .  

The appropriate bycatch level s can be determined by a pol i  t i ca l / ana ly t ica l  
process p r io r  t o  the  f ishing season, or  by a market process during the  
f ishing year. Regardless of which approach i s  taken, i t  should be 
recognized t ha t :  1)  the appropriate level f o r  one bycatch species i s  
probably not independent of those of other bycatch species;  and 2 )  the  
concept  of "bycatch needs" i s  so poorly defined t ha t  i t  i s  
counterproductive. 



The eff ic iency c r i t e r i on  will not be met i f  a given level of bycatch can be 
a t ta ined a t  a lower control and management cost  by changing e i t h e r  the  mix 
of control measures used by a f l e e t  or  the  d i s t r ibu t ion  of control e f f o r t  
within a f l e e t .  Much of the  information required by a management agency t o  
determine the  appropriate mix of control measures and d i s t r i bu t i on  of 
control e f f o r t  i s  not expected t o  be available t o  managers. However, there  
are  obstacles t o  using measures t ha t  do not require managers t o  make such 
determinations. 

What economic concepts are useful in describinq the  e f f ec t s  of such 
manaqement measures? 

In order t o  compare a l t e rna t ive  management measures in terms of bycatch 
cos t ,  i t  i s  necessary t o  know which e f f ec t s  of both bycatch and e f f o r t s  t o  
control bycatch are  t o  be included as costs .  Either or  both of the  two 
categories of e f f ec t s  can be included. 

One category consis ts  of e f f ec t s  t ha t  would be included in benef i t -cost  
analysis .  Benefi t - c o s t  analysis  i s  an economic concept t ha t  i s  typ ica l ly  
used t o  est imate how a par t i cu la r  action will a l t e r  the  overall economic 
wellbeing of a nation. The changes in the  wellbeing of individual 
res idents  or groups of res idents  i s  not necessari ly considered. This 
approach i s  more appropriate from a national perspective than from a 
regional one. 

The other category consis ts  of those e f f ec t s  included in community impact 
analysis .  The economic concept of community impact analysis  i s  used t o  
provide measures of the  changes in the  level of local economic a c t i v i t y  
t ha t  a par t i cu la r  action will produce. The level of a c t i v i t y  i s  often 
measured in terms of employment, income, and expenditures. The main reason 
why such changes are  not included in benef i t -cost  analysis  i s  t h a t  the  
change in economic ac t i v i t y  in one community or  region i s  often a t  the  
expense of a c t i v i t y  in other areas.  

How can useful estimates be developed fo r  each c o n c e ~ t ?  

To date only 1 imited attempts have been made t o  use benef i t -cost  analysis  
in evaluating management measures t o  control bycatch. Typically, an 
estimate of the  exvessel value foregone due t o  bycatch has been used as a 
proxy f o r  the  bycatch impact cost ,  and an estimate of the  exvessel value 
t ha t  would be foregone i f  bycatch were reduced by decreasing t a rge t  catch 
has been used as a proxy for  the  bycatch control cost .  

The usefulness of such a comparison i s  in par t  determined by the  val idi  t y  
of the  assumption t ha t  the  only technique used t o  reduce bycatch i s  t o  
reduce t a rge t  catch.  Experience has shown tha t  there  are  a var ie ty  of 
techniques t ha t  a f l e e t  can use t o  reduce bycatch and t h a t  when a f l e e t  has 
an option t o  do so i t  will typ ica l ly  use other techniques. This suggests 
t h a t  estimates of control costs  based on t h i s  assumption will tend t o  
overs ta te  actual control costs .  However, without detai  1 ed information on 
the  cost  and effectiveness of the  other techniques, which may never be 
avai lable  t o  management agencies, i t  i s  not possible t o  determine the  
extent  of t h i s  bias.  



What i s  t h e  app rop r i a te  m ix  o f  a u a n t i t a t i v e  and a u a l i t a t i v e  economic 
i n f o r m a t i o n ?  

I d e a l l y ,  accura te  u n i  -dimensional  es t imates  o f  t h e  va lue  o f  a1 t e r n a t i v e  
uses o f  a  f i s h e r y  resource would be a v a i l a b l e  t o  a s s i s t  i n  e v a l u a t i n g  
management measures t o  c o n t r o l  bycatch. For example, i f  a1 1  encompassing 
and accura te  es t imates  were a v a i l  ab le  o f  t h e  va lues o f  an . a d d i t i o n a l  100 
m e t r i c  t ons  (mt) o f  h a l i b u t  t o  bo th  t h e  g round f i sh  and h a l i b u t  f i s h e r i e s ,  
i t  would be c l e a r  which f i s h e r y  should r e c e i v e  t h e  a d d i t i o n a l  100 m t .  

The problems a re  t h a t  t h e  i n f o r m a t i o n  r e q u i r e d  t o  make accura te  es t imates  
may n o t  be a v a i l a b l e  and t h e r e  i s  n o t  a s i n g l e  measure o f  t h e  va lue  o f  
these a l t e r n a t i v e  uses because va lue  has a  v a r i e t y  of components which 
cannot be added t oge the r  i n  a  meaningful  manner. 

As a  r e s u l t  o f  t h e  l i m i t a t i o n s  on t h e  accuracy o f  t h e  q u a n t i t a t i v e  
i n f o r m a t i o n  t h a t  w i l l  be a v a i l a b l e ,  q u a l i t a t i v e  i n f o r m a t i o n  can a t  t imes  be 
more u s e f u l .  The app rop r i a te  m ix  o f  these two types o f  i n f o r m a t i o n  w i l l  
depend on t h e  accuracy, t ime1 iness,  and c o s t  o f  each; and t h e  app rop r i a te  
management measures w i l l  i n  p a r t  be determined by t h e  mix  o f  i n f o r m a t i o n  
t h a t  w i l l  be a v a i l  ab le .  

BENEFIT-COST ANALYSIS 

Given t h e  above, i t  i s  c l e a r  t h a t  some means o f  e s t i m a t i n g  t h e  c o s t  o f  
bycatch, under c o n d i t i o n s  o f  1  i m i  t e d  da ta  a v a i l  a b i l  i ty, i s  d e s i r a b l e .  
Fo r tuna te l y ,  a  methodolog ica l  approach which can be employed t o  measure 
aggregate e f f i c i e n c y  changes r e s u l t i n g  f rom management ac t i ons ,  w i t h  
r e1  a t  i v e l y  modest i n f o r m a t i o n  and da ta  requirements,  has been i d e n t i f i e d .  
Th i s  approach i s  a  m o d i f i c a t i o n  o f  t h e  t r a d i t i o n a l  bene f i  t - c o s t  a n a l y t i c a l  
framework c u r r e n t l y  i n  wide use as a  t o o l  f o r  assessing resource  management 
p o l i c y  i m p l i c a t i o n s .  Th i s  approach t o  economic assessment focuses on us ing  
resources so as t o  achieve economic w e l l - b e i n g  f o r  s o c i e t y  as a  whole, t h a t  
i s ,  t o  maximize s o c i a l  we l f a re .  

Every ac t i on ,  contempl a ted  o r  taken, i n v o l v e s  cos t s .  These i n c l  ude n o t  
o n l y  d i r e c t  c o s t s  assoc ia ted  w i t h  implementat ion o f  t h e  s p e c i f i c  ac t i on ,  
b u t  a1 so cos t s  a t t r i b u t a b l e  t o  not t a k i n g  a1 t e r n a t i v e  ac t i ons .  L ikewise,  
every  ac t i on ,  contemplated o r  taken, a l s o  i n v o l v e s  b e n e f i t s .  Thus, t h e  
o b j e c t i v e  o f  any dec is ion-maker  i s  t o  weigh a l l  t h e  b e n e f i t s  and a l l  t h e  
cos t s  o f  each a v a i l a b l e  a l t e r n a t i v e  t o  assure t h e  cho ice  taken i s  t h e  best ,  
t h a t  i s ,  most e f f i c i e n t ,  use o f  t h e  scarce resources a v a i l a b l e .  

I n  t h e  case, f o r  example, o f  a c t i o n s  taken t o  reduce t h e  P a c i f i c  h a l i b u t  
bycatch l osses  i n  t h e  g round f i sh  f i s h e r i e s  i n  t h e  U.S. Exc lus i ve  Economic 
Zone (EEZ), i t  i s  necessary t o  account f o r  a l l  r e l e v a n t  c o s t s  and b e n e f i t s .  
That i s ,  one needs t o  eva lua te  n o t  o n l y  t h e  cos t s  t h a t  accrue t o  t h e  
g round f i sh  f i s h e r i e s  and b e n e f i t s  which accrue t o  t h e  h a l i b u t  f i s h e r y ,  b u t  
a l s o  t h e  cos t s  and b e n e f i t s  imposed on o t h e r  users  o f  these two resources.  
To be p rec i se ,  t h e  goal  o f  t h e  b e n e f i t - c o s t  a n a l y s i s  i s  t o  comprehensively 
measure t h e  n e t  change i n  s o c i e t y ' s  t o t a l  w e l f a r e  r e s u l t i n g  f rom a  g i ven  
a c t i o n .  



For purposes of exposit ion,  imagine the  economic system as a network of 
integrated individual markets a t  various l eve l s .  In each market a 
re1 at ionship exi s t s  between suppl i e r s  of a good or service and those 
wishing t o  obtain t ha t  good or  service ,  t ha t  i s ,  demanders. Each supplier  
responds t o  s ignals  from the  demanders in t h i s  market, b u t  in addit ion,  t o  
varying degrees, t o  s ignals  from other markets. Likewise, demanders respond 
t o  s igna l s  from suppliers in t h e i r  own market, but a lso  incorporate 
information from other markets in the  system in making t h e i r  economic 
decisions (Figure 1 ) .  

Taking the  U.S. f ishing sector  which deals with Pacif ic  halibut  as an 
example, the  fisherman (exvessel supplier)  o f f e r s  h i s  product t o  the  
processor (exvessel demander) f o r  sa le .  While both i n t e r ac t  in the  exvessel 
market, both are  simultaneously influenced by other markets in the  broader 
system. Specif ical ly ,  the  fisherman who i s  the  "supplier" a t  exvessel, i s  
the  "demander", in a sense, a t  the  f i she r i e s  administration level  as 
f ishery management regulations d i c t a t e  the  "supply" of halibut  t ha t  wil l  be 
made avai lable  t o  the fisherman fo r  harvest.  

In the  same manner, the  processor i s  the  "demander" in the  exvessel market, 
and the  "supplier" in the f i r s t  wholesale market, and so i t  goes from 
exvessel, through a l l  the  intermediate markets of the  system, t o  the  f ina l  
consumer. Each level of the  market functions in response t o  in ternal  
s igna l s ,  b u t  a l so ,  t o  varying degrees, t o  outside s ignals .  Therefore, the  
process of evaluating the  aggregate change in social  welfare (net  cos t s  
and/or benef i ts )  from a given action affect ing pr ice  and/or quanti ty,  must 
account f o r  these multiple markets and the  feedback mechanism which 
interconnects them. 

In general ,  one means of doing t h i s  i s  t o  estimate demand and supply 
re la t ionships  fo r  each and every market level of the  economy affected by a 
given action.  Having estimated these demand and supply re la t ionships ,  i t  i s  
then theoret ical  l y  possible t o  accurately measure the change in economic 
welfare a t t r i bu t ab l e  t o  the  subject  action by evaluating the  net  change in 
the  are  below the  demand curve or  above the supply curve in each relevant 
market.? As a f inal  s tep,  one may sum the resul t ing individual changes 
over a l l  affected markets t o  obtain an aggregate measure of the  t o t a l  
welfare e f f ec t  of the  action.  

The principal 1 imitation of t h i s  approach i s  the  quanti ty and qua1 i t y  of 
data needed fo r  the analysis .  Specif ical ly ,  deta i led information 
concerning pr ice  and quanti ty responses fo r  each and every affected market 
i s  necessary t o  evaluate individual market changes, and t o  allow subsequent 
summation of these changes in to  an aggregate welfare measure. 

Typically, such deta i led data are  not available and cannot be readi ly  
compiled. Thus, t h i s  approach, while technical ly  acceptable, does not 
o f f e r  a reasonable option fo r  actual ly  assessing the welfare change, t ha t  
i s  the  benef i ts  and costs ,  of a spec i f i c  action.  Use of t h i s  approach will 

Within an e r ro r  of approximation as outlined in Willig 1976. 
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necessari ly require  gross speculation about re la t ionships  in affected 
markets, and use of assumptions in place of observable data .  The resu l t ing  
output of such an undertaking cannot be argued t o  be, even in an 
approximate sense, a measure of the  actual social  welfare change 
a t t r i bu t ab l e  t o  the subject  action.  

Havinq drawn t h i s  conclusion, what i s  l e f t ?  

Fortunately, economic theory establ  i shes t h a t ,  under reasonable market 
in tegrat ion assumptions and using "general equilibrium" demand and supply 
re la t ionships ,  i t  i s  possible t o  accurately measure the  change in socie ty 's  
welfare by measuring the  area of change under the  demand curve and above 
the  supply curve in any one of the  several integrated market l eve l s  
affected by the  subject  a c t i ~ n . ~  That i s ,  i f  one considers general 
equi 1 i bri um demand and supply curves (schedules which formally account f o r  
the  market adjustments described above), and i f  the  integrated markets are  
re1 a t ive ly  "competitive" in nature, then i t  i s  possible t o  accurately 
measure the  t o t a l  social  welfare change, a t t r i bu t ab l e  t o  a given act ion,  in 
any s ing le  market of one's choosing within the integrated market system. 
Fortunately, equilibrium curves are the  type observed in time s e r i e s  market 
data on pr ices  and quan t i t i es  traded. 

This i s  a very important and powerful conclusion. Unlike the  f i r s t  method 
c i t ed  above, which requires careful measurements of every s ing le  market 
re la t ionship  impacted, and then aggregation of these several market welfare 
measures, the  general equilibrium approach permits the  analyst  t o  evaluate 
the  aggregate change in net social welfare in a s ingle  market, of h i s  or  
her choosing. Clearly, estimating demand and supply re1 at ionships in a 
s ing le  market i s  f a r  l e s s  cost ly  ( in  the  sense of data required and 
potential  measurement e r r o r s ) ,  and allows the  analysis  t o  be conducted 
based upon the  strongest  data s e t  available.  In commercial f i she r i e s  
analysis ,  t h i s  f l e x i b i l i t y  t o  adapt the  empirical measurement t o  the  
avai lable  data ,  without loss  of confidence in the r e s u l t s ,  i s  very 
desi rable .  

From both a theoret ical  and empirical perspective then, the  general 
equilibrium approach t o  measurement of aggregate welfare change i s  superior 
t o  t he  sequenti a1 procedure described earl  i e r .  Furthermore, a t  1 ea s t  f o r  
P a c i f i c  ha l ibu t ,  recent research, provides the  necessary demand 
coef f ic ien t s  t o  permit the estimation t o  be made fo r  Pacif ic  halibut  (Lin 
e t  a l . ,  1988). In Section V we provide a benefi t-cost  analysis  (as  well as 
a price-response analysis  t o  be described below) of a proposed change in 
the amount of halibut  t ha t  can be taken as bycatch by groundfish f i she r i e s  
in the  Gulf of Alaska. Similar demand and supply estimation i s  necessary 
f o r  groundfish, however, t o  present a complete pic ture  of welfare change 
associated with bycatch reduction. 

There remains an additional compl icat ion associated with commercial 
f i she r i e s  in the  U.S. E E Z ,  common t o  both methodologies, which must be 

See, f o r  example, Applied Welfare Economics and Public Policy,  Ju s t ,  
Hueth, and Schmitz, 1982, Prentice-Hall,  Englewood C l i f f s ,  NJ. 



recognized and overcome before uniform adoption of a welfare measurement 
technique in these f i she r i e s  can be advocated. This involves the  question 
of "what i s  t o  be counted as a benefi t  and/or cost?" In the  Pacif ic  halibut  
example described in the  "general equilibrium" approach, the  ve r t i c a l l y  
integrated market was pr incipal ly  comprised of wholly U.S. market sectors .  
That i s ,  f o r  the  most par t ,  U.S. c i t i z ens  harvested, processed, marketed, 
transported,  d i s t r ibu ted ,  r e t a i  1 ed, and consumed the  product. Thus, a 
welfare measurement made in any s ingle  market component of the  integrated 
network would cor rec t ly  capture the  t o t a l  aggregate welfare change f o r  a l l  
suppl iers  and demanders in the  U.S. economy. However, t o  the  extent  t ha t  
the  analysis  i s  l imited in scope and i n t e r e s t  t o  addressing only U.S. 
social  welfare changes, any of the  market l eve l s  in the  chain which a re  not 
wholly contained within the  U.S. economic network will  capture welfare 
e f f ec t s  which accrue t o  foreign i n t e r e s t s  involved in the  commercial 
f i she r i e s  sec tor ,  and will  therefore bias the  impact estimate f o r  the  U.S. 
I t  i s  then necessary t o  measure and deduct the  welfare changes accruing t o  
non-U.S. sectors  from the  t o t a l  welfare change t o  i so l a t e  the  domestic 
impact of a subject  action.  

Al ternat ively ,  because welfare measurements a t  each and every level  of the  
market can always be fu r ther  divided in to  "consumer surplus" ( the  area 
above pr ice  and below the  demand curve),  and "producer surplus" ( the  area 
below pr ice  and above the  supply curve) (Figure Z ) ,  i t  i s  possible t o  
circumvent the  need t o  measure welfare changes in foreign markets 
(po ten t ia l ly  a very d i f f i c u l t  and complex task) .  I t  i s  proposed t h a t ,  f o r  
example, in the  case of a f ishery t ha t  involves U.S. harvesting, foreign 
primary processing and transshipment, and exportation of an intermediate 
product from the  foreign nation t o  the  U.S., the  following approach be 
taken. 

F i r s t ,  measure the  subject  welfare change a t  exvessel as the  change in the  
area below the  p r i ce ( s )  and above the  relevant supply curve. This change 
will capture the  t o t a l  U.S. "producer surplus" (perhaps equal t o  zero) 
associated with the  subject  change. Moving now t o  the  point in the  
ver t i ca l  l y - i  ntegrated market system a t  which the  intermediate product 
reenters  the  U.S. market, one would estimate the change in the  area above 
the p r i ce ( s )  and below the relevant demand curve in t ha t  market. This 
measure accurately captures the  t o t a l  we1 f a r e  a f fec t  of the  subject  change 
fo r  a l l  market l eve l s  above and including the  one in which the  product 
reenters  the  U.S. By summing these two measures an accurate aggregate 
we1 f a r e  measure can be obtained which includes only U .S. we1 f a r e  changes, 
i . e . ,  U.S. cos t s  and benef i ts .  

An example may help t o  c l a r i f y  the  principal issues of concern. To the  
extent  t h a t  a l l  f i she r i e s  in the EEZ were completely domestic from harvest 
t o  consumption, there  would be no need t o  depart from the  general 
equi 1 i  brium method01 ogy. However, joint-venture f i she r i e s ,  as we1 1 as DAP 
operations with substant ia l  exports, require a modification of the  approach 
i f ,  indeed, one wishes t o  1 imit the welfare measure exclusively t o  the  
United S ta tes .  In the  current  U.S.-U.S.S.R. yellowfin sole  joint-venture 
U.S. fishermen harvest the catch,  then del iver  i t  t o  Soviet vessels f o r  
processing and export. Seemingly, the welfare e f f ec t s  f o r  the U.S. end a t  
the point of the  exvessel transaction.  However, while yellowfin sole  
delivered t o  the  Soviets does not re -en te r  the  U.S. f i she r i e s  sec tor ,  the  



Soviets do exchange k ing  crab f o r  y e l l o w f i n  sole, i n  l i e u  o f  cash payment. 
This  k i n g  crab i s  subsequently processed, t ransported,  d i s t r i b u t e d ,  
marketed, and consumed w i t h i n  the  U.S. seafood sector .  Th is  would seem t o  
suggest t h a t  1  i m i t i n g  the  we l fa re  measurement t o  the  exvessel l e v e l ,  i n  
t h i s  case, miss ta tes  the  t r u e  we l fa re  i m p l i c a t i o n s  f o r  t he  U.S. 

An even more d i r e c t  example o f  t h i s  empi r ica l  compl ica t ion  i s  e x h i b i t e d  by 
t h e  market f o r  j o i n t  venture caught po l l ock .  Korean j o i n t - v e n t u r e s  i n v o l v e  
U.S. harves ters  d e l i v e r i n g  t o  Korean vessels f o r  pr imary processing and 
shipment t o  Korea. The r e s u l t i n g  b lock  product i s  subsequently exported 
from Korea t o  the  U.S. where i t  i s  reprocessed, d i s t r i b u t e d ,  and f i n a l l y  
consumed by U.S. households. C lear ly ,  f a i l u r e  t o  account f o r  t he  
r e i n t r o d u c t i o n  o f  t h i s  j o i n t  venture product  i n t o  the  U.S. market would 
r e s u l t  i n  e r r o r s  i n  U.S. we l fa re  measurement. 

As a  t h - i r d  example consider  t he  Japanese j o i n t - v e n t u r e  arrangements wherein 
U.S. f ishermen harvest  p o l l o c k  which i s  processed i n t o  sur imi ,  t ransshipped 
t o  Japan, then exported back t o  the  U.S. f o r  f u r t h e r  processing as analogue 
products f o r  U.S. consumption. Again, wh i l e  some o f  t h e  markets between 
exvessel and f i n a l  consumer are ou ts ide  the  U.S. economic sector ,  several 
are no t ,  making i t  i n c o r r e c t  t o  a t t r i b u t e  the  b e n e f i t - c o s t  impacts o f  an 
a c t i o n  a f f e c t i n g  these f i s h e r i e s ,  measured a t  one market l e v e l ,  as a  
measure o f  a  n e t  change i n  b e n e f i t s  t o  t he  Un i ted  States. 

This  d iscuss ion  suggests t h a t  t he  es t imat ion  o f  aggregate we l fa re  impacts 
f o r  t he  U.S. economy, r e s u l t i n g  from a  g iven f i s h e r i e s  management ac t ion ,  
i s  complex, b u t  poss ib le .  Correct  answers w i l l  depend on c a r e f u l  and 
r i go rous  systemat ic  appl i c a t i o n  o f  t he  avai 1  able t h e o r e t i c a l  know1 edge 
about we l fa re  economics as we l l  as a  complete understanding o f  t he  U.S. EEZ 
commercial f i s h e r i e s  contex t  w i t h i n  which the  problem res ides .  Economic 
theory  prov ides the  means t o  est imate these b e n e f i t - c o s t  impacts. 

The chal lenge w i l l  be t o  e i t h e r  develop the  da ta  needed t o  support t he  
ana lys i s  and then t o  assure t h a t  the  methodology i s  understood and 
c a r e f u l l y  appl i e d  and i n t e r p r e t e d  o r  t o  develop management measures which 
can be success fu l l y  implemented w i thou t  such i n fo rma t ion .  

PRICE RESPONSE ANALYSIS 

Although b e n e f i t - c o s t  ana lys is  as o u t l i n e d  above may be the  pr imary t o o l  
f o r  assessing whether the  U.S., as a  whole, i s  b e t t e r  o r  worse o f f  
f o l l o w i n g  a  change i n  f i s h e r i e s  management o r  a  r e a l l o c a t i o n  o f  a  species 
between bycatch and t a r g e t  f i s h e r y  use, managers are, o f  course, a l so  
i n t e r e s t e d  i n  whether o r  no t  p r i c e s  may change as a  r e s u l t  o f  t h e  ac t i on ,  
and i f  so, i n  what d i r e c t i o n ,  and how much. 

As argued above, mul t i -marke t  b e n e f i t - c o s t  ana lys is ,  whether i t  i s  done a t  
t he  i n d i v i d u a l  market l e v e l  and then aggregated, o r  conducted i n  a  s i n g l e  
market us ing  general e q u i l i b r i u m  approaches, invo lves  es t ima t ion  o f  demand 
and supply re1  a t ionsh ips  o r  schedules. Simply put ,  these schedules descr ibe 
how the  buyer and s e l l e r  ad jus t  t h e  amount they are w i l l i n g  t o  purchase o r  



produce, given changes in the price of the good (assuming all other factors 
which influence these relationships are held constant). 

This means that in order to do a benefit-cost study one must understand the 
quantitative relationship between price paid and quantity purchased or 
supplied. Therefore, information concerning predicted price response to the 
subject action is a prerequisite of the benefit-cost study. 

To better understand these price response models consider the example shown 
in Figure 3. The retail demand schedule for a species of fish is 
represented by the 1 ine 1 abelled "Demand", and the retail supply schedule 
for the species by the line labeled "Supply". The market is said to be in 
equilibrium when the amount demanded by consumers and the amount supplied 
by the retailers is equal. In this example this occurs when price is $4.00 
per pound and quantity is 16 mill ion pounds. Thus, the prevailing, or 
market clearing, price is $4. 

If the supply shown were to decrease (for example, due to increases in the 
amount of the species taken as bycatch) the market clearing price would be 
expected to change. For example, using the relationship shown, if supply 
were to decrease by 2 million pounds, the market would reattain equilibrium 
with a price of about $5 per pound. 

It is therefore possible, using this kind of quantitative approach, to 
provide answers to the questions of the direction and magnitude of any 
possible price response to proposed changes in management measures 
(including changes in the way bycatch is allocated). 

COMMUNITY IMPACT ANALYSIS 

Economic impact analysis is the study of economic activity generated by 
expenditures on purchased goods. Evaluating the total economic impact of, 
for example, a proposed change in fisheries management strategy would 
involve the following steps: (1) compute how much economic activity is 
generated by the current 1 eve1 and pattern of expenditures; (2) compute the 
economic activity that would result under the proposed new management 
regime; and 3) subtract the two to find the net economic impact (effect) of 
the new management strategy. Such analysis requires knowledge of how much 
money is being spent on fuel, food, equipment, wages, etc. in each local 
area and how this money is respent in the local area and outside the local 
area. 

One way to do this would be to survey everyone who took part in the 
spending and respending in the local and non-local areas and then add up 
all these expenditures. One would summarize the results by saying something 
1 i ke, "An expenditure of $1 in Sitka generates $2 of economic activity in 
the Sitka area." The ratio of total economic activity to initial 
expenditure is called the multiplier. In this example, the total multiplier 
is 2. 



To complicate the issue, however, there are at least three types of 
mu1 tipl iers. The first has been described above, and is called an output 
or sales multiplier. Such a mu1 tipl ier is used to describe the total effect 
in sales brought about by an initial expenditure in the basic sectors of 
the 1 ocal economy (timber, fisheries, tourism, agricultural production, 
mining, etc.). In the example above, "2" is the output multiplier. It 
imp1 ies that for every $1 spent in Sitka's basic industrial sector, $2 of 
total spending will occur within the community. 

An example of the pattern of spending and respending in a local economy and 
how that pattern is used to determine a multiplier is shown in Figure 4. 
The left most column, (A), represents an initial expenditure of $1 in a 
basic sector, for example, the fishing sector, where the $1 is money 
received by the fisherman for his catch (exvessel revenue). At the second 
spending level, (B), 40 cents is spent locally and 60 cents is spent 
outside. the local area. The 60 cents spent outside is lost to the local 
economy and is called leakaqe. In a similar way, expenditures in the local 
economy continue to occur (C through F) until the effect of further 
respending is too small to measure. Totaling the money spent locally at 
each round of spending yields a total of $1.66 generated by the initial 
expenditure of $1 .OO hence the output mu1 tipl ier is $1.66/$1 .OO or 1.66. 

The output multiplier measures sales and is important in the "big picture", 
but if we are asked to answer questions about the local effects of sales on 
income and employment we need to look at other kinds of multipliers. The 
second kind of multiplier is the income multiplier. This multiplier is 
general ly small er than the output mu1 tipl ier and is estimated in 
essentially the same way as described above except that personal income 
effects are examined. For example, if the initial expenditure is $1.00, 60 
cents may be realized as income by the fisherman. At each level of 
expenditure some portion of the locally spent money will be received as 
income (wages or salary) while the remaining portion is not income 
generating. In the same way that output expenditures were total led for the 
output multiplier, incomes received are totaled. Let's say the total income 
received by all industries in Sitka from the expenditure of the original $1 
is 90 cents. The income multiplier is therefore 90 cents/60 cents or 1.50. 

The third multiplier looks at the input-output relationships in a local 
economy from yet a different perspective. The third multiplier is called 
the employment multiplier and represents the total impact on the numbers of 
jobs in a community. For example, if the employment multiplier is 2 the 
addition of one job in a basic sector, such as the addition of a crew 
member to a fishing boat, will result in a total of two jobs added to the 
local economy (an addition of one job beyond the harvesting sector). 

An analysis of economic impact will examine and report all three types of 
multipliers. This gives the fisheries manager the ability to examine the 
consequences of a proposed fisheries management strategy from three 
perspectives: total sales, personal income, and employment . 
Such an analysis is known as input-output analysis. An input-output model 
is constructed from a survey of businesses in an area. The survey collects 
information on all transactions that each industry conducts and then 
summarizes those transactions for each industrial sector. The information 



i s  manipulated so as t o  produce a  m a t r i x  o f  numbers which descr ibe  the  
i n p u t  and output  re1  a t i ons  i n  each i n d u s t r i a l  sec tor .  For tunate ly ,  an 
i npu t -ou tpu t  model o f  an economy can be constructed once and, as l ong  as 
the  bas ic  s t r u c t u r e  o f  t he  economy remains unchanged, be used again and 
again i n  analyz ing the  impact o f  a  change i n  expenditures. 

Unfor tunate ly ,  t he re  are no cu r ren t  up- to -da te  i npu t -ou tpu t  models 
a v a i l a b l e  t h a t  are s e n s i t i v e  t o  changes i n  A1 askan f i s h e r i e s  performance. 
This  s i t u a t i o n  may be p a r t i a l l y  r e c t i f i e d  t h i s  f a l l  when Alaska Sea Grant 
completes development o f  a  new inpu t -ou tpu t  model f o r  t h e  A1 askan 
f i s h e r i e s .  The model w i l l  be i n t e r a c t i v e ,  which means the  user w i l l  be ab le  
t o  change t h e  p a t t e r n  and amount o f  land ings  i n  var ious  p o r t s  i n  Alaska 
(and S e a t t l e  and the  northwest) and then examine the  change i n  economic 
a c t i v i t y  from a l l  t h ree  perspect ives mentioned above: t o t a l  output ,  income, 
and employment. Note t h a t  these r e s u l t s  w i l l  be s p e c i f i c  t o  t he  l o c a l  area 
examined. Thus, f o r  example, a  p a r t i c u l a r  area may be e f f e c t e d  p o s i t i v e l y  
by t h e  proposed change and another area nega t i ve l y  impacted. The managers 
j o b  w i l l  be t o  weigh these k i n d  o f  d i s t r i b u t i o n a l  e f f e c t s  against  t he  
r e s u l t s  from the  o v e r a l l  perspect ive  o f  t he  benef i  t - c o s t  ana lys is .  

Value added and Turnover 

Having s e t  ou t  what m u l t i p l i e r s  are and how they are der ived from 
inpu t -ou tpu t  ana lys is  we should p o i n t  ou t  what m u l t i p l i e r s  are n o t .  Two 
terms are o f t e n  used i n c o r r e c t l y  i n  d i  scussions o f  mu1 t i p 1  i e r  e f f e c t s .  
These are va lue  added and turnover.  Value added represents the  increase i n  
value imparted t o  a  product  as i t  moves through the  processing chain. For 
example, consider  a  f i s h e r i e s  product which i s  f i l l e t e d ,  frozen, shipped t o  
Seat t le ,  h e l d  i n  inventory  by a  d i s t r i b u t o r ,  and i s  l a t e r  taken out  o f  
storage, thawed, packaged and f i n a l l y  placed on the  supermarket shelves. I f  
the  f i s h  o r i g i n a l l y  brought $1 i n  exvessel va lue and s o l d  f o r  $4 then t h e  
value added i s  $3 d o l l a r s .  Value added i s  a  usefu l  concept i n  t h a t  i t  
represents a  c o n t r i b u t i o n  t o  the  gross product o f  t h e  economy. However 
value added has noth ing  t o  do w i t h  any o f  the  m u l t i p l i e r s  de f i ned  above. It 
i s  t h e r e f o r e  i n c o r r e c t  t o  say, us ing  the  numbers above, t h a t  t he  m u l t i p l i e r  
e f f e c t  i s  $4/$1 o r  4. 

The same k i n d  o f  warning app l ies  t o  the  use o f  t h e  term " tu rnover " .  
Turnover represents the  number o f  cyc les  o f  spending and respending. I n  t he  
example shown i n  F igure 3 t h e  number o f  spending cyc les  was 6 (A through 
F ) .  Turnover i s  use fu l ,  there fore ,  i n  t e l l i n g  us something about t he  
s t r u c t u r e  o f  the  l o c a l  economy. However, the  fac t  t h a t  t he  tu rnover  i s ,  i n  
our example, equal t o  6 has no th ing  t o  do w i t h  the  magnitude o f  any o f  t he  
th ree  mu1 t i p l  i ers  de f ined above. 

AN APPLICATION TO HALIBUT BYCATCH 

This sec t i on  prov ides an example o f  how the  b e n e f i t - c o s t  approach descr ibed 
above might  be used t o  p rov ide  some i n s i g h t  i n t o  the  v a l u a t i o n  o f  t he  
e f f e c t  o f  an increase i n  t he  a l l o c a t i o n  o f  h a l i b u t  as bycatch t o  the  
groundf ish  f ishermen i n  the  Gulf o f  Alaska. This  r e a l l o c a t i o n  i s  c u r r e n t l y  



being debated pr io r  t o  submission t o  the  Council fo r  a t t en t ion  in 1989. 
This preliminary analysis ,  therefore,  could be used t o  provide guidance on 
the  eff icacy and a l loca t ive  e f f ec t s  of adoption of the  proposed action.  

Unfortunately, data l imi ta t ions ,  as well as  incomplete knowledge of the  
quan t i t a t ive  re1 at ionships necessary fo r  a  complete benefi t - c o s t  analys is ,  
l im i t  our examination to  a  par t i a l  look a t  the  economic consequences of 
such an a l locat ion.  Specif ical ly ,  we do not have quant i ta t ive  estimates of 
the re la t ionship  necessary t o  compute management costs  or the  reduction in 
control costs  t ha t  would be real ized by the  groundfish f l e e t .  Therefore, 
given an estimate of halibut  ex-vessel demand, we calcula te  the  impact cost  
of the  increased halibut  bycatch, t ha t  i s ,  the  cost  t o  the  harvesters of 
hal ibut .  Of course, s ince  we are  examining a  quan t i t a t ive  re la t ionship  
between landings and price we can a lso  say something about the  expected 
change in the  ex-vessel pr ice  of hal ibut .  

The model 

Li n, Richards, and Terry (1988) have estimated a  price-dependent ex-vessel 
demand fo r  halibut  using annual data from 1955 through 1984, as 

where In indicates  the natural logarithm of the  variables 

EVP - real  ex-vessel pr ice ,  $/lb; 
LBS - landings of hal ibut ,  mil l ions of pounds; 
DAY - the  length of the halibut  season in days; 
CSH - cold storage holdings in pounds; and, 
WPIF - real  wholesale pr ice  of a l l  f i n f i sh .  

Given the  log-log specif icat ion,  a l l  variable were scaled by t h e i r  
geometric means. Substi tut ing those means in to  equation (1) and assuming 
t ha t  a l l  variables other than landings and pr ice  remain f ixed,  (and t ha t  
the  estimated re la t ionship  adequately describes future  behavior) y ie lds  

o r ,  in exponential form, 

(2 ' )  EVP = 6.6818 L B S - O . ~ ~  

An appl i  cat ion 

In recent years the Council has attempted t o  manage the  groundfish 
f i she r i e s  of the  Gulf of Alaska so as t o  l im i t  halibut  morta l i ty  in the  
groundfish f i she r i e s  t o  2,000 m t  annual mortal i ty.  I t  has been proposed 
t ha t  t h i s  mortal i ty ce i l ing  be increased by 750 m t  t o  allow longline 
fishermen target ing on groundfish increased catches of the  t a rge t  species,  
sablef ish  and Pacif ic  cod. This mortal i ty increase, i f  adopted, would be 
formally accounted fo r  by the  International  Pacif ic  Halibut Fishery 
Commission (IPHC), the body t ha t  regulates the  halibut  f i shery ,  such t ha t  



t h i s  increased mortal i ty (subject  t o  conversion t o  adult  equivalents and 
processed weight) i s  used t o  reduce the  next year 's  allowed quota. 

In t h i s  case,  an increase in halibut  mortal i ty of 750 m t  t r an s l a t e s  in to  a 
reduced directed harvest of 1.96 mill ion 1 bs which in turn, according t o  
equation ( 2 ,  would indic t e  t ha t  ex-vessel pr ice  would subsequently 3 increase from $1.58 t o  $1.60. 

We can therefore  complete our par t i a l  benefi t-cost  analys is ,  concluding 
t h a t  ex-vessel pr ice  will increase by approximately $0.02 a pound, t ha t  the  
apparent gross ex-vessel revenue l o s t  t o  the  halibut  f i shery  of $3.136 
million (evaluated a t  original  pr ice)  wil l  be o f f s e t  t o  some extent  by t h i s  
pr ice  increase such t ha t  the actual revenue l o s t  will be $3.115 mill ion (a 
di f ference of $21,000). The actual welfare l o s t  t o  ha1 i b u t  fishermen 
r e l a t e s  t o  foregone p ro f i t s ,  not revenue. To examine t h a t  pa r t  of the  
benefi t-cost  accounting one would need t o  know the  supply o r  cost  function 
re la t ionsh ip  fo r  the production of hal ibut .  I f  the  fishermen's marginal 
cos t s  do not change the  p ro f i t  foregone will be approximately equal t o  the  
p ro f i t  margin ($/lb) times the  l o s t  supply. 

Assuming t ha t  the  halibut  taken as bycatch are  not sold (current  
regulations require immediate discard of any incidenta l ly  caught ha l ibu t ) ,  
a l l  o ther  consumers of hal ibut ,  t ha t  i s ,  processors, wholesalers, r e t a i l e r s  
and f ina l  consumers, would experience a net l o s s  of welfare of $1.06 
millioq due both t o  the decreased supply of halibut  and the  increased 
pr ice .  This information i s  presented graphically in Figure 5. 

Recall t ha t  these estimates describe the  impact cost  only. A complete 
benef i t -cost  analysis  would include an accounting of the  gains t o  the  
groundf i sh f l  e e t  , presumably due t o  increased catches, and hence, revenue 
and p ro f i t s .  Whether these gains o f f s e t  the losses  in the  halibut  markets 
will determine the ultimate a t t ract iveness  of the proposed change in 
management. 

CONCLUSIONS 

This paper has described the  management of bycatch from an economic 
perspective, focusing on the  impact, control ,  and management costs  
associated with various a l locat ions  of the  species as incidental catch or  
t a rge t  catch. This perspective leads t o  a benefi t-cost  approach where 
market re la t ionships  may be used t o  assess the  net change in social  welfare 
resu l t ing  from a real locat ion of the  species among competing users. 

Price and quan t i t i es  used t o  derive these estimates are  taken from the  
IPHC Annual Report, IPHC, 1988. 

The solution i s  obtained by calcula t ing the  shaded area shown in Figure 
5. The values i s  most eas i ly  derived by invert ing (2 ' )  so t h a t  pounds 
landed i s  a function of pr ice  and then in tegrat ing the  inverted function 
over the  pr ice  change in te rva l ,  $1.58-$1.60. 



We c lose  w i t h  an admonition t o  managers t h a t  al though t h e  theory  discussed 
above can be empi r ica l  1  y  appl i ed t o  cu r ren t  f i shery management 
problems, da ta  l i m i t a t i o n s ,  and imper fec t  understanding o f  t h e  techn ica l  
r e l a t i o n s h i p s  i n  the  f i s h e r i e s ,  p a r t i c u l a r l y  i n fo rma t ion  concerning t h e  
cos t  o f  avo id ing  bycatch ( re loca t i on ,  changes i n  gear techno1 ogy, changes 
i n  t a r g e t  f i s h e r i e s ) ,  g r e a t l y  l i m i t  our  a b i l i t y  t o  f u l l y  q u a n t i f y  t he  
economic t r a d e o f f s  associated w i t h  bycatch management. 

We should keep i n  mind t h a t  good o l d  horse sense i n  the  market p lace  i s  t he  
u l t i m a t e  determinant o f  behavior.  Th is  means t h a t  our q u a n t i t a t i v e  t o o l s ,  
as i n s i g h t f u l  as they  may be, can never be expected t o  outguess a  we l l  
f u n c t i o n i n g  market, and t h a t ,  because o f  t h i s ,  one promis ing d i r e c t i o n  f o r  
management i s  t h a t  which prov ides a  framework which a l lows t h i s  opt imal  
f r e e  market s o l u t i o n  t o  e x i s t .  
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In order to determine the total multiplier value, the initial dollar is added 
to the sum of local respending,. In this.example, the multiplier equals 1.66 
($1.00 + 49C + 16C + 6C + 3C + 1C). ' ~ h u s ,  $1.66 of local business activity 
will be generated for each dollar that enters the local economy. 
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Figure 4, The (output )  m u l t i p l i e r  e f f e c t  i n  a  l o c a l  economy, 
taken from: C a r t e r ,  Chr is  1985. "Progress r e p o r t  
on t h e  economic a spec t s  of t h e  r e c r e a t i o n a l /  
commercial a l l o c a t i o n  of coho salmon i n  t h e  ocean 
f i s h e r i e s . ' '  Oregon Dept. of F i sh  & Wild l i f e .  p .  19. 
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INTRODUCTION 

The value of a fishery depends, to a great extent, on the rules that govern 
the harvest. These rules may include the formal laws or regulations of a 
government with jurisdiction over the fishery, or they may be less formal, 
but meaningful, rules that are part of the culture of the fishing 
community. This is true whether value is interpreted as economic benefits 
provided to society, the achievement of a particular distribution of those 
benefits, or the achievement of a less tangible cultural or conservation 
ethic. 

Individual fisherman's quotas are a relatively new type of rule being used 
to manage fisheries, and in many cases they appear to offer the potential 
for considerable increases in fisheries values. 

In an individual quota program, the total allowable catch from a fishery is 
divided up among a group of fishermen. Each fisherman receives a portion of 
the total allowable catch which is his to harvest. He is not allowed to 
take the part of the total allowable catch given to other fishermen unless 
the program rules provide some means, such as administrative real location 
or private sales or leases, by which he can gain access to it. 

These individual quotas might be reassigned annually to the eligible 
fishermen according to allocation criteria, or the fishermen might get the 
right to the quota for a number of years, or permanently, at the time it is 
first a1 1 ocated. 

A fishery might have a total allowable catch of 100,000 metric tons, and 
there might be 100 fishermen with entry permits allowing them to fish. 
Under an individual quota program each of these fishermen might be given an 
equal share in the total allowable catch. Each would thus receive 1,000 
tons of the allowable catch to harvest. Other initial allocation criteria, 
such as allocation based on historical catch, might also be used, and could 
lead to a different distribution of quota. If quota can be sold or leased, 
the actual distribution of quota might also change from the initial 
distribution through time. 



POSSIBLE BENEFITS OF INDIVIDUAL QUOTAS 

The poss ib le  b e n e f i t s  o f  i n d i v i d u a l  quotas can be seen by examining a  
hypo the t i ca l  f i s h e r y  managed w i t h  and w i thou t  them. This example has been 
created d e l i b e r a t e l y  t o  show the  poss ib le  b e n e f i t s  t h a t  might  f l o w  from 
i n d i v i d u a l  quotas, bu t  i t  i s  s i m i l a r  t o  s i t u a t i o n s  i n  .some important  
Alaskan f i s h e r i e s ,  no tab ly  t he  long1 i n e  f i s h e r y  f o r  ha1 i but .  Some 
a l t e r n a t i v e  p o s s i b i l i t i e s  are discussed i n  t h e  nex t  sec t ion .  

A t  f i r s t ,  t h i s  hypothet ica l  f i s h e r y  operates w i thou t  any l i m i t  on the  t o t a l  
amount o f  f i s h  t h a t  may be caught i n  a  year.  Regulat ions c o n t r o l  t he  
amounts and types of vessels and gear t h a t  f ishermen may use, r e s t r i c t  t he  
e f fec t i veness  o f  those inputs,  o r  l i m i t  t h e  minimum s i z e  o f  t he  f i s h  
f i shermen may capture. 

A t  some po in t ,  f i s h e r y  managers come t o  be1 ieve  t h a t  these r e g u l a t i o n s  are 
no longer  s a t i s f a c t o r y  and they in t roduce a  t o t a l  a l lowable catch, o r  l i m i t  
on t h e  aggregate harvest .  I n  t he  shor t  run  t h i s  reduces catches. I n  t he  
l ong  run  i t  al lows the  f i s h  s tock  t o  r e b u i l d  and u l t i m a t e l y  permi ts  f i s h e r y  
managers t o  r a i s e  the  a l lowable catch above t h e  o r i g i n a l  l e v e l s .  

When t h e  a l lowab le  catch i s  r a i s e d  t o  i t s  new l e v e l ,  t h e  f i s h e r y  i s  assumed 
t o  be very  p r o f i t a b l e  f o r  those i n  i t .  This w i l l  prompt new fishermen t o  
en te r  o r  e x i s t i n g  f ishermen t o  expand t h e i r  operat ions.  

As f i s h i n g  e f f o r t  increases, because o f  new e n t r y  and the  expansion o f  
e x i s t i n g  operat ions, any g iven a l lowable catch i s  l i k e l y  t o  be taken more 
qu i ck l y .  Because o f  compet i t ion between fishermen t o  capture the  f i s h  i n  a  
l i m i t e d  t ime, a  f isherman who wants t o  ge t  h i s  share o f  t h e  f i s h  w i l l  have 
t o  cont inue t o  increase the  amounts o f  l a b o r  and c a p i t a l  t h a t  he uses i n  
the  f i s h e r y  so as t o  ge t  h i s  share o f  t he  harvest  be fore  the  a l lowab le  
catch i s  taken and the  f i s h e r y  i s  closed. 

As a  r e s u l t  o f  these l a b o r  and c a p i t a l  increases, t he  season i s  1  i k e l y  t o  
cont inue t o  become shor te r .  So l ong  as the  f i s h e r y  i s  p r o f i t a b l e ,  t he  
shor tening season and the  increas ing  use o f  l a b o r  power and c a p i t a l  a c t  and 
r e a c t  on one and o ther .  The process w i l l  cont inue u n t i l ,  o r  a f te r ,  t h e  
p r o f i t s  have gone out  o f  the  f i she ry ,  o r  u n t i l  t he  government in tervenes 
w i t h  new, more r e s t r i c t i v e  regu la t ions .  

Shorter  seasons can have a  number o f  u n a t t r a c t i v e  e f f e c t s .  

As the  season shortens, the  t ime pe r iod  du r ing  which the  t o t a l  a l lowab le  
ca tch  i s  p laced on the  market shortens. I f  the  o r i g i n a l  market was f o r  
f resh  f i s h ,  t h e  g l u t  on t h a t  market du r ing  a  sho r t  p e r i o d  w i l l  l ead  t o  
lower p r i c e s  t o  the  f ishermen. As f resh  p r i c e s  drop, much o f  t h e  f i s h e r y  
product ion  may f i n d  i t s e l f  d i r e c t e d  t o  canned o r  f rozen markets. 

I f  the  o r i g i n a l  market was f o r  canned o r  f rozen f i s h  products, p r i c e s  may 
s t i l l  drop. The concent ra t ion  o f  t he  harvest  i n  a  sho r t  pe r iod  may impose 
h igher  i nven to ry  cos ts  on processing and wholesal ing f i rms .  The cos ts  o f  
gear ing up f o r  shor t ,  i n t e n s i v e  per iods o f  processing f i s h  may increase the  



marginal cost of processing the fish. These considerations are also 1 ikely 
to lead to lower prices for the fishermen. 

As the season shortens, the demand for processing labor will gradually 
become concentrated during short periods. Processors, trying to deal with 
the problems of processing large amounts of fish in short periods, may be 
forced to import workers from outside of local communities, or to transport 
fish outside of the communities for further processing. In either case, 
there may be fewer annual hours of work available for 1 ocal workers. Short 
spurts of processing may not provide workers with sufficient time to 
qual i fy for unemployment benefits. 

Fishermen may deliver lower qual ity fish since they won't have the time to 
spend preparing a qual ity product. Any capital and labor devoted to taking 
care of the fish once they are on board is capital and labor not devoted to 
catching more fish. When the fishing season has become very short, the cost 
of turning capital and labor from harvesting to qual ity control, as 
measured by fish not harvested, increases. It becomes more expensive for 
fishermen to take care of their fish and the quality of the fish they 
deliver to their customers drops. This will also reduce the prices received 
by f i s hermen. 

Safety at sea is 1 i kely to suffer. The fishery may take place during a very 
short opening. Under these circumstances, each day a fisherman spends off 
of the water has a higher cost, in fish not caught, than a day in a more 
extended fishery. Fishermen are therefore likelier to go out in bad weather 
than they otherwise would be. 

Once the fishermen are out, any limit on fishing activity caused by a 
concern with safety will have a higher cost in a short opening than it 
would in a longer fishing period. For example, it may be safer not to 
overload the boat. If there is a long period in which to fish, the costs, 
in terms of lost harvest, of making a trip back to port to unload and 
returning to the fishing grounds, will be less than they would in the short 
opening. There would thus be increased incentive to overload a boat in the 
short opening. In addition, the cost of resting during a short opening is 
re1 atively high; increased numbers of accidents may resul t from increased 
fatigue. 

The reduction in safety will reduce the attractiveness of fishing as a job. 
If it leads to increases in insurance premiums, it will increase the costs 
of fishing activity, or it will lead to a reduction in insurance coverage. 

An extremely important problem, is that fishermen will be using more labor 
and capital than is necessary to catch the fish. Clark has made a usefu 
distinction between the effectiveness and the efficiency of fishermen. 1 
Fishermen, using increasing amounts of increasingly sophisticated capital 
and labor due to competitive pressures, become increasingly effective at 
finding and harvesting fish. They learn to do it very well. 

l~lark, page 119. 



They do not,  however, do i t  e f f i c i en t l y .  Efficiency implies a re la t ionship  
between ends and means. I f  an end or  a goal i s  not being achieved with the  
fewest possible means, we speak of an ac t i v i t y  as being i ne f f i c i en t .  One 
could as  ea s i l y  say the ac t i v i t y  i s  being pursued in a wasteful manner. 

This waste reduces the  p ro f i t s  t o  the  fishermen and reduces the  social  
benef i ts  being produced by the f ishery.  One could argue.  t ha t  precious 
natural resources, of f ue l ,  wood, s t e e l ,  human labor,  and human ingenuity, 
are  being wasted. 

A f i shery managed under a t o t a l  allowable catch t ha t  takes place in short  
period of time may confer an advantage on la rger ,  more capi ta l  intensive 
vessels.  I f  these have a higher r a t e  of harvest they may be be t t e r  able t o  
take advantage of short  openings than smaller vessels.  Their a b i l i t y  t o  
operate may a1 so be l e s s  constrained by bad weather. 

Note t ha t  some of these impacts are  l i ke ly  t o  be setbacks f o r  community 
development pol i  ci  e s  in communities t h a t  depend on nearby f i  sher ies .  One 
might point t o  the  reduced f i sh  pr ices ,  the  competitive advantages t o  
fishermen using greater  amounts of capi ta l  and labor,  and the  reduction in 
the  hours of processing labor made available t o  local res idents .  

The introduction of the  t o t a l  allowable catch in t h i s  f ishery should allow 
managers t o  protect  the  stocks of f i s h ,  since f ishing i s  shut off  a f t e r  the  
appropriate allowable catch has bee taken. Nevertheless, the  shor t  f i shery 
may cause some management probl ems. 9 
Some fishermen may s e t  out more gear,  longlines o r  pots, than they can 
possibly r e t r i eve  before the f ishing period ends, in order t o  ge t  the  most 
f ishing done in the  shor t  periods. I f  t h i s  gear i s  l e f t  unrecovered a f t e r  
the  opening, i t  may continue t o  catch and k i l l  f i sh  long a f t e r  the  f ishing 
period has closed. 

Fisheries research and inseason management may a lso  be hampered by the  
shor t  f i shing periods. Fisheries managers often use data gathered by port 
samplers. These men and women, stat ioned in the  por ts  where landings are  
made, co l l ec t  samples of f i sh  and par ts  of f i sh  landed by the  fishermen. 
These samples a re  then used f o r  fu r ther  laboratory research. As the  seasons 

2 ~ n  t h i s  hypothetical case, the  a1 1 owable catch was introduced without 
individual quotas. In other cases, managers considering whether o r  not t o  
adopt a t o t a l  allowable catch may be tempted t o  r e j e c t  i t ,  despi te  
potential  conservation benef i ts ,  because i t  might generate the  types of 
adverse social  consequences discussed here. I f  individual quotas could be 
adopted as par t  of the  management package, many of the adverse impacts on 
allowable catches might be o f f s e t ,  and allowable catches would become a 
much more a t t r ac t i ve  management too l .  I t  appears t ha t  problems with 
individual quotas may have been one of the  reasons f o r  re jec t ing  the  use of 
t o t a l  allowable catch 1 imits  in a recent Australian management plan fo r  
shark. Individual quotas appear t o  have been re jected fo r  enforcement 
reasons. McGregor notes t ha t  the  t o t a l  allowable catch was re jected in par t  
because of "the encouragement i t  would give t o  a more intensive use of gear 
in the  ea r ly  par t  of each catching year." Page 2-3. 



shorten, mistakes i n  t he  deployment o f  p o r t  samplers can leave important  
land ings  p o r t s  underrepresented. A great  mass o f  f i s h  coming over t h e  dock 
i n  a s h o r t  t ime c make i t  impossib le t o  take as l a r g e  a sample o f  Y' 1 andi ngs as desi red.  

I n d i v i d u a l  quota programs are a t t r a c t i v e  because they can prov ide  a means 
o f  deal i n g  w i t h  many o f  these problems .4 

With t h e  i n t r o d u c t i o n  o f  i n d i v i d u a l  quotas f ishermen w i l l  f i n d  t h a t  t h e  
a c t i v i t y  o f  o the r  f ishermen poses a much smal ler  t h r e a t  t o  t h e i r  a b i l i t y  t o  
catch a g iven q u a n t i t y  o f  f i s h .  

On the  assumption t h a t  t he  harvest  became concentrated because o f  
compet i t ion  among the  fishermen t o  catch the  f i s h ,  t he re  should be a 
gradual spreading out  o f  t he  harvest .  Many o f  t he  problems caused by the  
shor tening o f  t h e  seasons should be m i t i g a t e d  o r  resolved.  

The p o t e n t i a l  f o r  spreading out  t he  harvest  i n  a f i s h e r y  i s  i l l u s t r a t e d  by 
the  f i g u r e  on the  next  page. This  shows t h e  percentage o f  each year 's  
harvest  o f  chubs taken by Wisconsin's Lake Michigan fishermen i n  each month 
f o r  t he  years from 1979 through 1985. The f i s h e r y  was shut down du r ing  the  
f i r s t  qua r te r  o f  each year  (except f o r  small harvests al lowed f o r  research 
purposes), and p a r t  o f  t he  remaining t o t a l  a l lowab le  ca tch  was re leased a t  
t he  s t a r t  o f  each subsequent quar te r .  

The f i s h e r y  began i n  1979, and i n  1980, 1981, and 1982 showed a c l e a r  
p a t t e r n  o f  land ings  concentrated du r ing  the  f i r s t  month o f  each quar te r .  
This  p a t t e r n  was a l i t t l e  l e s s  c l e a r  c u t  f o r  t he  l a s t  qua r te r  o f  each year, 
when land ings  appeared t o  be somewhat more spread out .  

I n  1983 i n d i v i d u a l  quotas were introduced, a t  t h e  request  o f  i ndus t r y ,  i n  
o rder  t o  deal w i t h  these p e r i o d i c  market g l u t s .  I n  1983, t he  f i r s t  year  the  
i n d i v i d u a l  quotas were i n  force,  1 andings remained concentrated i n  t h e  
f i r s t  month du r ing  the  f i r s t  quar te r  o f  f i s h i n g .  However, from the  second 
qua r te r  o f  f i s h i n g  i n  1983 through the  end o f  t he  da ta  se r ies  presented 
here, t h e  e a r l i e r  p a t t e r n  o f  land ings  was n o t  seen. Landings were 
d i s t r i b u t e d  much more evenly over t he  course o f  t he  year.  

The impact o f  t h i s  program on the  market ing o f  chubs i s  harder t o  determine 
f o r  t he  p e r i o d  a f t e r  1985 because o f  changes i n  t h e  na ture  o f  t h e  f i s h e r y  
du r ing  the  l a s t  few years. I n  recent  years, because o f  l a r g e  numbers o f  
small f i s h  and a t t r a c t i v e  a l t e r n  t i v e  f i s h e r i e s ,  many fishermen have n o t  3 been harves t ing  t h e i r  f u l l  quotas. 

3~~~~ Annual Report (1987), page 34. 

4 ~ n d i v i d u a l  quotas are n o t  t he  on l y  means t o  deal w i t h  these problems. The 
f i s h e r y  might  be spread out  by increas ing  the  r e s t r i c t i v e n e s s  o f  e f f o r t  
con t ro l s ,  o r  by making use o f  weekly o r  t r i p  quotas. 

5 ~ ~ r  more d e t a i l s  on t h i s  f i s h e r y  see Muse and Schel le,  " I n d i v i d u a l  
Fisherman's Quotas.. ." 



I f  an i n d i v i d u a l  quota spreads out  the  harvest  i n  our hypo the t i ca l  f i s h e r y ,  
many o f  t h e  problems discussed e a r l  i e r  should gradual l y  so lve themsel ves. 
Pr ices  t o  the  fishermen should r i s e  as g l u t s  i n  t he  market are e l im ina ted  
and as processors'  cos ts  are reduced, demand f o r  processing l a b o r  may 
become more spread out  and more o f  t he  l a b o r  may be supp l ied  l o c a l l y ,  t h e  
q u a l i t y  o f  t he  f i s h  suppl ied by t h e  fishermen should r i s e ,  f ishermen should 
operate more sa fe ly ,  f ishermen should operate i n  a  l e s s  wasteful manner, 
the  amount o f  f i s h i n g  gear l e f t  unrecovered should drop, and p o r t  sampling 
should be more e f f e c t i v e .  

I f  these events take p lace i n  t h e  hypothet ica l  f i shery ,  then the  
hypo the t i ca l  va lue o f  t he  f i s h e r y  t o  t h e  f i s h i n g  community, whether value 
i s  assumed t o  mean economic bene f i t s ,  a  p a r t i c u l a r  d i s t r i b u t i o n  o f  income, 
o r  t h e  achievement of a  l e s s  t a n g i b l e  c u l t u r a l  o r  conservat ion goal,  w i l l  
arguably be increased. Q u a l i t y  improvements and cos t  reduc t ions  should 
improve. t he  p r o f i t a b i l i t y  o f  t he  f i s h e r y ,  changes i n  t he  res idence o f  t he  
l a b o r  used i n  processing would a f f e c t  t he  d i s t r i b u t i o n  o f  income and 
p o t e n t i  a1 l y  advance the  c u l t u r a l  o b j e c t i v e  o f  r u r a l  community development, 
and the  reduc t i on  i n  waste i n  harvest ing,  reduc t i on  i n  t he  amount o f  
unrecovered gear, and improvement i n  p o r t  sampling a b i l i t i e s  would advance 
conservat ion as w e l l  as economic ob jec t ives .  

ADDITIONAL CONSIDERATIONS 

A  hypo the t i ca l  example w i l l  produce a  hypo the t i ca l  r e s u l t .  This  
hypo the t i ca l  example has been s e t  up d e l i b e r a t e l y  t o  show why i n d i v i d u a l  
quotas may be a t t r a c t i v e .  While the  outcomes discussed are  p l a u s i b l e  i n  
many cases, they  are no t  i n e v i t a b l e .  Much w i l l  depend on the  r u l e s  o f  t he  
s p e c i f i c  program o r  on the  na ture  o f  t he  f i s h e r y .  

I n  our example, t he  i n t r o d u c t i o n  o f  t he  a l lowab le  ca tch  was the  
circumstance t h a t  l e d  t o  a  concent ra t ion  o f  the  f i s h e r y  i n  a  b r i e f  pe r iod  
o f  t ime. There are o ther  reasons t h a t  a  f i s h e r y  may be concentrated i n  
t ime, however. The f i s h  may on l y  be a v a i l a b l e  a t  c e r t a i n  t imes, as i n  t he  
Alaska seine and g i l l n e t  h e r r i n g  roe  f i s h e r i e s .  I n  o ther  cases, t h e  catch 
per  u n i t  o f  e f f o r t  may be very  h igh  and may l ead  t o  r e l a t i v e l y  low f i s h i n g  
cos ts  a t  c e r t a i n  per iods.  I f  the  f i s h  are going i n t o  canned o r  f rozen 
markets and can be s to red f o r  l ong  per iods,  t h e  reduced f i s h i n g  cos ts  from 
f i s h i n g  when catch r a t e s  are expected t o  be h igh  may o f f s e t  t h e  increased 
cos ts  o f  ho ld ing  i nven to r i es  and processing the  f i s h  i n  a  b r i e f  per iod.  I n  
these cases, t he  i n t r o d u c t i o n  o f  i n d i v i d u a l  quotas may n o t  spread out  t he  
season. 

It i s  poss ib le  t o  conceive o f  cases i n  which i n d i v i d u a l  quotas may a c t u a l l y  
shorten a  season. Consider a  f i s h e r y  producing f rozen f i s h  products t h a t  
has a  h igh  ca tch  per  u n i t  o f  e f f o r t  i n  May, bu t  whose season opens i n  
January. Under a  t o t a l  a l lowable catch w i thou t  i n d i v i d u a l  quotas, 
compet i t i ve  f i s h i n g  pressure may fo rce  fishermen t o  operate p r i o r  t o  t he  
favorab le  f i s h i n g  cond i t i ons  i n  May. Once i n d i v i d u a l  quotas are  in t roduced 
f i s h i n g  a c t i v i t y  may concentrate i n  May. 



I n  many o f  these f i s h e r i e s  i n d i v i d u a l  quotas may s t i l l  b r i n g  b e n e f i t s .  The 
main change i n  the  d iscuss ion  i s  t h a t  t he  i n d i v i d u a l  quotas w i l l  n o t  spread 
out  t he  season as before. I n d i v i d u a l  quotas may s t i l l  have a va luab le  r o l e  
t o  p l a y  i n  each o f  these s i t u a t i o n s  by decreasing management costs,  and 
a l l ow ing  fishermen t o  operate more p r o f i t a b l y .  

Enforcement i s  going t o  be an issue i n  any i n d i v i d u a l  quota program. 
Fishermen have an i n c e n t i v e  t o  cheat on t h e i r  quotas by t r y i n g  t o  smuggle 
more f i s h  t o  market than t h e i r  quota a l lows.  Fishermen faced w i t h  a l i m i t  
on the  amount o f  f i s h  they can l and  under t h e i r  quotas may d i s c a r d  l e s s  
valuable,  o r  lower qua1 i t y  catches a t  sea so as t o  maximize t h e  value o f  
t h e i r  quota. Fishermen may misrepor t  t h e  area w i t h i n  which they  made t h e i r  
harvest  i n  o rder  t o  f i s h  a t t r a c t i v e  stocks f o r  which they ho ld  no quota. 
The dumping o f  f i s h  and m is repo r t i ng  o f  areas w i l l  o f t e n  be very  hard t o  
moni tor .  

Enforcement should be considered very c a r e f u l l y  before s t a r t i n g  a program. 
Enforcement problems may be a good reason n o t  t o  s t a r t  an i n d i v i d u a l  quota 
program. I t  appears t h a t  a recent  Aus t ra l i an  shark management p l a n  d ' d  n o t  
use i n d i v i d u a l  quotas because o f  p o t e n t i  a1 enforcement problems. An 
i n d i v i d u a l  quota program begun i n  the  Bay o f  Fundy h e r r i n g  seine f i s h e r y  i n  
1976 was plagued by extremely ser ious cheat ing and had t o  be complete ly  
rev i sed  i n  1983. 

Programs do appear t o  be proceeding re1 a t i v e l y  success fu l l y  i n  d i f f i c u l t  
enforcement environments . Programs i n  Ontar io  and i n  Wisconsin' s Green Bay 
y e l l o w  perch f i s h e r y  cover many small scale operators opera t ing  i n  areas 
where smuggl i n g  cou ld  be re1 a t i v e l y  easy. Nevertheless, t h e  v i a b i l  i t y  o f  
these programs i s  n o t  c u r r e n t l y  threatened by enforcement problems. 

The enforcement environment a f t e r  t he  program has begun may be b e t t e r  than 
before  i t  s t a r t s .  There i s  reason t o  be l i eve  t h a t  f ishermen w i l l  be more 
cooperat ive w i t h  enforcement under i n d i v i d u a l  quotas s ince they  w i l l  have a 
g rea te r  s take i n  t he  hea l th  o f  t he  f i s h  stocks. I n  both New Zealand and 
Ontar io  f ishermen appear t o  have been s t rong proponents o f  v igorous 
enforcement. Admin is t ra to rs  from both a r  as note changes i n  t h e  a t t i t u d e s  
o f  f ishermen towards enforcement e f f o r t s .  7 
There are  i ncen t i ves  t o  cheat i n  t he  absence o f  i n d i v i d u a l  quota programs. 
Fishermen might  want t o  underreport  i n  an attempt t o  beat t h e  t a x  man. 
They may misrepor t  t h e  area w i t h i n  which f i s h  were taken through simple 
carelessness, a d e s i r e  t o  keep c e r t a i n  areas open, o r  because they  have 
been f i s h i n g  i n  a c losed area. Fishermen may dump f i s h  i n  an open access 
f i s h e r y .  These i ncen t i ves  may be i n t e n s i f i e d  w i t h  i n d i v i d u a l  quotas, bu t  
they are n o t  absent w i thou t  them. 

6 ~ c ~ r e g o r  says i n d i v i d u a l  quotas were r e j e c t e d  "because shark i s  landed a t  
a number o f  o u t l e t s  f o r  t he  f r e s h  f i s h  market and because o f  t h e  many 
p r i v a t e  sales o u t l e t s  which have developed over t he  years." page 2. 

7 0 n t a r i o  and Wisconsin discussed i n  Muse and Schel le,  " I n d i v i d u a l  
Fisherman's Quotas...", New Zealand i n  Muse and Schel le,  "New Zealand's ITQ 
Program," page 29. 



Unsuccessful program enforcement may pose problems f o r  biological 
management. I f  fishermen cheat and underreport, the  t o t a l  a1 1 owabl e catch,  
presumably s e t  on the  best biological information, wil l  be exceeded. In 
addit ion,  the  misreporting will make i t  harder t o  in te rpre t  and use 
landings information fo r  biological research and management. 

In our hypothetical example, the  individual quota program promoted 
community development pol ic ies  in communities t ha t  depended on nearby 
f i she r i e s .  The program spread the f ishery out in time, ra ised f i s h  pr ices ,  
reduced the  amount of labor and capi ta l  needed t o  f i s h ,  and provided more 
hours of processing jobs t o  local res idents .  

I t  might a l so  be possible,  once the  program was begun, t o  en te r  quota 
markets and buy quota t o  put in to  the  hands of local communities. These 
communities could then lease the  quota. They may want t o  d i r e c t  the  leases  
par t i cu la r ly  t o  local res idents .  Whether the  leases  went t o  local res idents  
or  not, the  income from the  leases  could be used fo r  community purposes. 
The problems with t h i s  potent ia l ly  in te res t ing  approach a re  arranging 
financing f o r  the  quota purchases, and es tabl ishing a framework in which 
small remote communities could administrate the  quota program in a cost  
e f fec t ive  manner. 

The benef i ts  flowing t o  communities from the hypothetical individual quota 
program were hypothetical benef i ts .  Alternative hypothetical programs could 
have a1 t e rna t i  ve, and 1 ess  a t t r ac t i ve ,  hypothetical communi t y  development 
outcomes. Some may be concerned t ha t  under an individual quota program 
there  might be a net t r ans fe r  of quota out of remote rural  communities. In 
a more general sense, some might be concerned t ha t  res idents  of other 
s t a t e s  would have comparative advantages in quota markets t ha t  would lead 
t o  net  ou t -o f - s t a t e  quota emigration. 

Regional t r ans f e r  issues appear t o  have been concerns in other  places, and 
may have led t o  some r e s t r i c t i ons  on the t r ans f e r ab i l i t y  of quota. Ontario 
has an individual quota program in i t s  fresh water f i she r i e s  and has 
imposed strong t r ans f e r ab i l i t y  r e s t r i c t i ons  on quota. No one from out of 
the province may own quota. Neither may a person t rans fe r  quota t o  another 
person who has not t r ad i t i ona l l y  fished in an area,  unless no one who has 
t r ad i t i ona l l y  fished in the area i s  wil l ing t o  buy i t .  The program in 
At lant ic  Canada's offshore trawl f ishery f o r  groundfish absolutely bans 
quota s a l e s  and severely r e s t r i c t s  t r ans fe rs ,  perhaps in par t  due t o  the  
same concerns over regional t rans fe rs  .8 

Nothing was sa id ,  in the  hypothetical example, of the  potential  t o  
accumulate quota in a few hands. Many persons may be concerned t ha t  once a 
program has begun, a small group of persons would buy up large  par t s  of the  
quota. The benef i ts  from doing t h i s  would depend on the  potential  re turns  
t o  sca le  in the  f ishery,  the  potential  f o r  monopoly p ro f i t s  in the  f ishery,  
or  the  potential  t o  use any market power associated with control over the  
quota in order t o  gain control over the  fishermen. 

8 ~ h e s e  r e s t r i c t i o n s  are  discussed a t  greater  length in Muse and Schelle,  
"Individual Fisherman's Quotas ..." 



It may be p o s s i b l e  t o  d e t e r  accumulat ion th rough 1  i m i t s  on t h e  quota any 
s i n g l e  person o r  f i r m  cou ld  ho ld .  For example, no one may be a1 lowed t o  
h o l d  more than  5% o f  t h e  t o t a l  quota.  T h i s  c o u l d  r a i s e  a d m i n i s t r a t i v e  
problems, however, i f  persons seek loopho les  through t h e  l i m i t s .  

CONCLUSIONS 

Th i s  d i scuss ion  has n o t  exhausted t h e  p o s s i b l e  b e n e f i t s  o f  i n d i v i d u a l  
quotas, o r  t h e  p o s s i b l e  problems t h a t  may be assoc ia ted  w i t h  them. 

They a r e  n o t  go ing  t o  be app rop r i a te  i n  every  f i s h e r y .  Obvious ly ,  a  f i s h e r y  
must have a  t o t a l  a l l owab le  ca t ch  i f  i n d i v i d u a l  quotas a r e  o  be used. 8 There a r e  many f i s h e r i e s ,  i n c l u d i n g  Alaska 's  salmon f i s h e r i e s  , i n  which 
t h i s  c o n d i t i o n  w i l l  n o t  be met. Enforcement d i f f i c u l t i e s ,  o r  o t h e r  
p o t e n t i a l  problems may a l s o  p rec lude  t h e  use o f  i n d i v i d u a l  quotas. 

S ince t h e  sevent ies,  however, i n d i v i d u a l  quotas have become more and more 
w i d e l y  used as f i s h e r i e s  management t o o l s .  There a re  now programs i n  
impo r tan t  f i s h e r i e s  i n  p laces  as d i v e r s e  as Ice1  and, At1 a n t i c  Canada, 
On ta r i o ,  Wisconsin, New Zealand, and A u s t r a l i a .  

Where i n d i v i d u a l  quota r u l e s  a re  appropr ia te ,  t hey  can be a  power fu l  means 
by which t h e  va lue  o f  f i s h e r y  resources t o  s o c i e t y  can be increased.  
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Month 

Figure 1 .  Chub landings from Wisconsin's Lake Michigan g i l lne t  fishery for  
chubs, 1979-1985, as percent of annual harvest per month. Data 
provided by the Wisconsin Department of Natural Resources. 
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HOMER,  ALASKA^ 2 
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INTRODUCTION 

It i s  g e n e r a l l y  recogn ized  t h a t  commercial f i s h i n g  has been t h e  backbone o f  
t h e  Homer Area economy f o r  t h e  p a s t  t h i r t y  years .  Even though 
d i v e r s i f i c a t i o n  i n  t h e  form o f  tou r i sm,  commercial and government se r v i ces ,  
and a  g row ing  n o n - f i s h i n g  p o p u l a t i o n  a re  changing t h e  complexion o f  t h e  
a rea 's  economic base, commercial f i s h i n g  s t i l l  s tands as t h e  s i n g l e  most 
impo r tan t  i n d u s t r y .  A t  a  t ime  when Alaska 's  o i l  based economy i s  seve re l y  
depressed, heal  t h y  f i s h  s tocks,  r e1  a t i v e l y  h i g h  p r i c e s  and expanding 
domest ic  and w o r l d  markets have made f i s h i n g  one o f  t h e  few b r i g h t  spo ts  i n  
t h e  s t a t e ' s  and Homer's economic f u t u r e .  

Th ings a re  changing on t h e  southern Kenai .  Dec is ions  a re  be ing  made by t h e  
p o r t s  and c i t i e s ,  t h e  borough, t h e  s t a t e ,  and t h e  f e d e r a l  government t h a t  
a re  go ing  t o  have economic s i g n i f i c a n c e  t o  a l l  i n d u s t r i e s ,  a l l  businesses 
and a l l  people  o f  t h e  area; d e c i s i o n s  about p o r t  and ha rbo r  r a t e s ,  
d e c i s i o n s  about taxes  and dec i s i ons  about se r v i ces .  It i s  v i t a l l y  impo r tan t  
t h a t  an i n d u s t r y  l i k e  commercial f i s h i n g  " s t a t e  i t s  case" i n  t h e  
development o f  t h e  southern Kenai Peninsu la .  Whi le  a lmost  everyone w i l l  
agree t h a t  commercial f i s h i n g  i s  an impo r tan t  i n d u s t r y ,  t h e r e  a re  a lmost  no 
numbers o r  f i g u r e s  t o  document t h e  e x t e n t  o f  t h a t  impor tance.  A t  t h e  
r eques t  o f  t h e  No r th  P a c i f i c  Fisherman's Assoc ia t i on  t h i s  s t udy  was 
i n i t i a t e d  i n  an a t tempt  t o  p r o v i d e  some o f  t h e  " f a c t s "  about t h e  f i s h i n g  
i n d u s t r y  i n  t h e  Homer Area. 

T h i s  s tudy  i s  b a s i c a l l y  t h e  p i e c i n g  t o g e t h e r  o f  e x i s t i n g  f a c t s  t h a t  make up 
t h i s  complex i n d u s t r y  we c a l l  commercial f i s h i n g .  I n  a d d i t i o n  t o  s l e u t h i n g  
o u t  e x i s t i n g  i n f o rma t i on ,  two new sources o f  i n f o r m a t i o n  were developed. 

T h i s  s t udy  i s  t h e  r e s u l t  o f  work sponsored by t h e  U n i v e r s i t y  o f  A laska 
Sea Grant  Co l lege  Program. A laska Sea Grant i s  c o o p e r a t i v e l y  suppor ted by 
t h e  U.S. Department o f  Commerce, NOAA O f f i c e  o f  t h e  Sea Grant  and 
Ext ramura l  Program under g r a n t  number NA86AA-D-SG041, p r o j e c t  number A/71- 
01  and A/75-01, and by t h e  U n i v e r s i t y  o f  A laska w i t h  funds app rop r i a t ed  by 
t h e  s t a t e .  

The complete r e s u l t s  and suppo r t i ng  da ta  f o r  t h i s  s tudy  a re  con ta i ned  i n  
Mar ine Adv i so r y  B u l l e t i n  #33, November 1987, a v a i l a b l e  f rom t h e  Alaska Sea 
Grant  Co l lege  Program. 



One was a survey o f  commercial f ishermen and t h e  o t h e r  was a survey o f  area 
businesses which depend on commercial f ishermen f o r  some o r  a l l  o f  t h e i r  
business. The yea r  1985 was se lec ted  as t h e  s tudy  yea r  because i t  i s  t h e  
most r e c e n t  yea r  f o r  which t h e  Alaska Commercial F i s h e r i e s  E n t r y  Commission 
(CFEC) has complete s t a t i s t i c s .  CFEC da ta  i s  an e s s e n t i a l  p a r t  o f  t h e  
s tudy.  The geographica l  coverage o f  t h i s  s tudy  i s  t h e  southern Kenai 
Peninsula i n c l u d i n g  t h e  communit ies o f  Anchor Po in t ,  Niko.laevsk, Homer, 
Seldov ia ,  H a l i b u t  Cove, P o r t  Graham, and Eng l i sh  Bay. For t h e  sake o f  
b r e v i t y  t h i s  area w i l l  be r e f e r r e d  t o  throughout  t h i s  r e p o r t  as t h e  Homer 
Area. 

GROSS ECONOMIC IMPACTS 

Harves t i nq  Sec to r  

The Commercial F i s h e r i e s  En t r y  Commission, a d i v i s i o n  o f  t h e  Alaska 
Department o f  F i s h  and Game, annua l l y  produces ca t ch  and g ross  ea rn ing  
s t a t i s t i c s  based on f i s h  t i c k e t  l a n d i n g  records .  Table 1 shows t h e  1985 
ca t ch  da ta  f o r  a l l  f ishermen who used Homer, Anchor Po in t ,  Seldov ia ,  Po r t  
Graham o r  Eng l i sh  Bay as t h e i r  p l ace  o f  res idence  on any a p p l i c a t i o n  t o  t h e  
CFEC. 

Table 1. 1985 l and ings  and earn ings  f o r  f ishermen r e s i d i n g  i n  f i v e  
Homer communit ies based on ADF&G f i s h  t i c k e t  s t a t i s t i c s .  

No. No. 
Permi t  Permi ts  Pounds Est .  Gross 

Census Area Holders  F i  shed Landed Earn ings 

Anchor P o i n t  87 149 3,493,442 2,521,901 
Engl i sh Bay 7 7 84,585 50,913 
Homer 3 53 627 32,801,547 18,923,908 
P o r t  Graham 19 2 5 1,418,905 515,064 
Sel dov i  a 69 116 5,299,596 4,008,365 

Tot  a1 53 5 924 43,098,075 26,020,151 

From Table 1 you see t h a t  Homer Area f ishermen 1 anded more than  43 m i l  1 i o n  
pounds o f  raw f i s h  ( i n c l u d i n g  s h e l l f i s h )  i n  1985, wor th  an es t imated  26 
m i l l i o n  d o l l a r s .  

A good i n d i c a t o r  o f  t h e  economic impact o f  any i n d u s t r y  i s  t h e  number o f  
j obs  c rea ted .  A d i f f i c u l t y  w i t h  us ing  t h i s  i n d i c a t o r  i s  d e f i n i n g  j obs  i n  



such a  way t h a t  t hey  can be mean ing fu l l y  compared t o  j obs  i n  o t h e r  
i n d u s t r i e s .  When cons ide r i ng  a  seasonal i n d u s t r y  l i k e  commercial f i s h i n g  i t  
i s  normal t o  conve r t  t h e  t o t a l  number o f  j obs  t o  a  f u l l - t i m e  e q u i v a l e n t  
number o f  j obs  through some k i n d  o f  hours/day o r  months/year convers ion.  
Whi le  t h i s  approach i s  used here i t  should be no ted  t h a t  a  d i r e c t  
compari son between conver ted seasonal jobs  and f u l l  - t ime  j obs  may n o t  be 
app rop r i a te .  For ins tance,  t h e  average commerci a1 f i s h i n g  j o b  1  a s t s  about 
t h r e e  months, so i t  would no rma l l y  t ake  f o u r  o f  these "seasonal"  j obs  t o  
equal one f u l l - t i m e  job .  The income earned i n  t h r e e  months o f  f i s h i n g ,  
however, i s  i n  some cases enough t o  p rov ide  annual l i v i n g  expenses and t h e  
f i s h i n g  crew member o r  opera to r  does n o t  need o r  want t o  seek a d d i t i o n a l  
employment. For many f ishermen t h e i r  seasonal j o b  i s  e q u i v a l e n t  t o  a  f u l l  - 
t i m e  job .  

Another p i t f a l l  i n  ana l yz i ng  jobs  i n  t h e  f i s h i n g  i n d u s t r y  i s  equa t i ng  crew 
p o s i t i o n s  w i t h  jobs .  It i s  easy t o  t ake  t h e  average number o f  crew 
p o s i t i o n s  i n  a  f i s h e r y ,  m u l t i p l y  t h a t  by t h e  number o f  pe rm i t s  f i s h e d  and 
equate t h e  t o t a l  t o  t h e  number o f  j o b s  i n  a  f i s h e r y .  The r e l a t i o n s h i p  
between crew p o s i t i o n s  and jobs  i s  n o t  d i r e c t .  I n  t h e  Homer Area f l e e t  many 
cap ta ins  employ t h e  same crew member i n  more than  one f i s h e r y .  Therefore,  
one j o b  may c u t  across severa l  crew p o s i t i o n s .  I have at tempted t o  
compensate f o r  t h i s  by m u l t i p l y i n g  t h e  t o t a l  number o f  crew p o s i t i o n s  by 
.7. Th i s  f a c t o r  was d e r i v e d  f rom i n f o r m a t i o n  gathered i n  t h e  commercial 
f i sherman 's  survey. 

The f o l l o w i n g  f a c t s  about j obs  c rea ted  by t h e  h a r v e s t i n g  s e c t o r  o f  t h e  
Homer Area commercial f i s h i n g  i n d u s t r y  were a l s o  d e r i v e d  f rom t h e  survey: 

1. There were 1,929 crew p o s i t i o n s  i n  a l l  f i s h e r i e s .  

2. There were 1,350 seasonal j obs  (1,929 x  . 7 ) .  

3.  Each seasonal j o b  averages 2.4 months. Therefore,  t h e  number o f  
f u l l - t i m e  equ i va len t  jobs  i s  270 (1,350 x  2 .4 ) .  
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4. Homer area r e s i d e n t s  were employed i n  224 o f  these  jobs ,  so about 
83% o f  these jobs  went t o  l o c a l s .  

5. S a l a r i e s  p a i d  t o  r e s i d e n t s  ranged f rom a  h i g h  o f  $42,205 ( f o r  5  
months) t o  a  low o f  $600 (2 weeks) w i t h  t h e  average be ing  $10,213. 

Commercial f i s h i n g  wages a re  so v a r i a b l e  t h a t  i t  would be d i f f i c u l t  t o  make 
any k i n d  o f  economic impact p r o j e c t i o n s  based on t h e  average income quoted 
above. The number o f  jobs  (seasonal and f u l l  - t ime  equ i va len t )  are, however, 
b e l i v e d  t o  be an i n d i c a t i o n  o f  commercial f i s h i n g ' s  impact i n  t h e  Homer 
Area. 

COMMERCIAL FISHERMEN'S SURVEY 

The purpose i n  survey ing  commercial f ishermen d i r e c t l y  was t o  g e t  a  b e t t e r  
understanding o f  how and where t hey  spend t h e i r  f i s h i n g  income. Because o f  



the diverse nature of the Homer Area fleet it was obvious that some portion 
of their income was spent outside the local area. It was necessary to get 
an estimate of this exported income and also to get a clear picture of 
fishermen's 1 ocal spending patterns. 

Fishermen were asked to report on 33 different expense categories. Seven of 
these expense items are summarized in Table 2. It shows whatpercent of the 
total expenditure for each item was spent in the Homer area. Most outboards 
and boat repairs are purchased locally. Most boat loans go outside of the 
area. Overall fishermen make 76% of their business related purchases 
locally. 

Table 2. Fisherman's Income Spent in Homer Area 

Expenditure Percent 

Outboards 
Fuel 
Crew shares 
Groceri es 
Boat loans 
Accountants/Taxes 
Boat repair 
Overall 

So how does the Homer Area commercial fishing industry impact the local 
economy? The simple answer is that it contributes over 28 mil 1 ion dollars 
and over 450 full-time jobs (see Table 3). It would be negligent, however, 
to leave it at that because the real answer to the above question is not 
simp1 e. 

Table 3. Summary of economic and job impacts discussed in this study. 

Industry Sector $$$ Jobs (Full-time) 

Harvesting (Fi shermen) 
Processing (Seward Fish) 
ADF&G (Commerci a1 Fi sh) 
ADF&G (FRED) 
US Coast Guard 
Tendering/Leasi ng 
Business sector 
Port of Homer 

$ 19,760,000 
6,205,350 

764,000 
558,000 
121,000 

1,065,397 
(Indirect) 
(Indirect) 

Total 



Approximately 15% of t h e  households i n  t h e  Homer Area earn  a l l  o r  p a r t  of 
t h e i r  annual income from harves t ing  f i s h .  As many a s  1,600 jobs a r e  c r ea t ed  
by t h i s  i ndus t ry .  Over 85% of t h e s e  jobs go t o  l oca l  people.  Even t h e  15% 
t h a t  don ' t  go t o  l oca l  people b e n e f i t  t h e  l oca l  economy t o  some e x t e n t .  
They bring new people t o  t h e  a r ea ,  some who dec ide  t o  s t a y ,  and a l l  of them 
spend a t  l e a s t  p a r t  of t h e i r  income here.  Some of t h e s e  jobs a r e  seasonal ,  
l a s t i n g  only t h r e e  t o  fou r  months, but they  a r e  jobs.  Many people p r e f e r  
seasonal work in  t h e  f i s h i n g  indus t ry  t o  working f u l l - t i m e  a t  something 
e l s e .  

Twenty e i g h t  mi l l i on  d o l l a r s  i s  t h e  est imated 1985 d i r e c t  income t o  t h e  
Homer Area provided by t h e  f i s h i n g  indus t ry .  How many t imes t h a t  i s  
mu l t ip l i ed  a s  i t  works i t s  way through t h e  economy can only be guessed a t  
without  f u r t h e r  s t u d i e s ,  but t h e r e  i s  no quest ion t h a t  t hose  d o l l a r s  reach 
t o  a l l  co rne r s  of t h e  business  community. 

The i n f r a s t r u c t u r e  requi red  t o  support  t h i s  i ndus t ry  i s  s u b s t a n t i a l .  Much 
of i t  has been d e t a i l e d  in  t h i s  s tudy but some has been missed and some of 
t h e  d e t a i l s  could be more complete. Also, t h e  i n f r a s t r u c t u r e  i s  c o n s t a n t l y  
changing. The r ecen t  expansion of t h e  Homer boat harbor and t h e  development 
of t h e  f i s h  dock and i c e  p l a n t  have opened t h e  door f o r  s u b s t a n t i a l  changes 
in  t h e  f i s h i n g  f l e e t .  Important d i scuss ions  a r e  a l s o  underway a s  t o  how and 
i f  f u t u r e  development of t h e  harbor and ad jacent  a r eas  on t h e  Homer S p i t  
should t a k e  p lace .  All of t hese  th ings  wi l l  impact t h e  commercial f i s h i n g  
indus t ry ;  j u s t  how remains t o  be seen.  

Commercial f i s h i n g  i s  a  complex indus t ry  t h a t  touches many p a r t s  of t h e  
loca l  and s t a t e  economy with na t iona l  and i n t e r n a t i o n a l  imp l i ca t ions  a s  
wel l .  This  s tudy  was never intended t o  be a  comprehensive a n a l y s i s  of  t h e  
indus t ry ,  but t h e  r e s u l t s  presented here a r e  a  r e a l  i  s t i c  beginning. 



Because the Alaska Department of Fish and Game receives federal funding, all of its 
public programs and activities are operated free from discrimination on the basis of race, 
religion, color, national origin, age, sex, or handicap. Any person who believes he or she 
has been discriminated against should write to: 

O.E.O. 
U.S. Department of the Interior 
Washington, D.C. 20240 
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